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INTRODUCTION 


Synertek was founded in 1973 and in its brief history 
has developed a very broad line of MOS integrated 
circuits. These devices, including Shift Registers, 
RAMs, ROMs, Microprocessors and Timekeeping Cir- 
cuits, are manufactured with Synertek’s advanced N- 
Channel, P-Channel and CMOS depletion load, silicon 
gate processes. In addition, this process capability is 
currently being used for the manufacture of custom 
circuits designed by Synertek to meet specifications 
established by our customers. 


Most Synertek devices are available with operation 
specified over the full Military temperature range and 
can be processed in accordance with Mil Standard 883, 
level B. In addition, less expensive processing plans 
have been developed for special products and special 
applications. Synertek has assembly capability meet- 
ing the requirements of Mil Standard 883 both in our 
main Santa Clara facility and at other offshore assem- 
bly areas. 


Custom MOS circuit design and production is an 
integral part of Synertek’s present and future business 
plans. Whether the custom design program starts at the 
feasibility stage or at the point where the customer 
provides tooling (reticles, tapes, etc.), Synertek is 
organized to quickly and efficiently handle the most 
difficult custom designs. 


This catalog provides complete technical information 
on Synertek memories, microprocessors and time- 
keeping circuits. Additional information can be ob- 
tained by contacting Product Marketing in Santa 
Clara, California. 
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SY1103A-1 
SY1103A-X 
SY1402A 
SY1403A 
SY1404A 
SY2101-1 
SY2101A 
SY2101A-2 
SY2101A-4 
SY21H01 
SY21HO1-2 
SY2102-1 
SY2102A-2 
SY2102A-4 
SY2102-1L 
SY2102-6 
SY21HO2 
SY21HO2-2 
SY21L02 


SY21L02-1 


SY21L02A 


SY21L02B 


SY2111-1 
SY2111A 
SY2111A-2 
SY2111A-4 
SY21H11 
SY21H11-2 
SY2112-1 
SY2112A 
SY2112A-2 
SY2112A-4 
SY21H12 
SY21H12-2 
SY2114 
SY2114-3 
SY2114L 


SY2114L-3 
SY2316A 
SY2316B 
SY2332 
SY2401 
SY 2401-1 
SY2530 
SY2533 
SY2534 
SY2534A 
SY2535 


SY2535A 


SY2802A 


Numerical Index 


1024x1 Bit Dynamic MOS RAM (145nsec) . . . 
1024x1 Bit Dynamic MOS RAM (100nsec) .. . 
Quad 256 Bit Dynamic MOS Shift Register... 
Dual 512 Bit Dynamic MOS Shift Register .. . 
Singie 1024 Bit Dynamic MOS Shift Register . . 
256x4 Bit Static MOS RAM (500nsec) 
256x4 Bit Static MOS RAM (350nsec) 
256x4 Bit Static MOS RAM (250nsec) 
256x4 Bit Static MOS RAM (450nsec) 
256x4 Bit Static MOS RAM (175nsec) 
256x4 Bit Static MOS RAM (200nsec) 
1024x1 Bit Static MOS RAM (500nsec) 
1024x1 Bit Static MOS RAM (250nsec) 
1024x1 Bit Static MOS RAM (450nsec) 
1024x1 Bit Static MOS RAM (500nsec) 
1024x1 Bit Static MOS RAM (650nsec) 
1024x1 Bit Static MOS RAM (175nsec) 
1024x1 Bit Static MOS RAM (200nsec) 
1024x1 Bit Static MOS RAM 

Low Power (1s) 
1024x1 Bit Static MOS RAM 

Low Power (500nsec) 
1024x1 Bit Static MOS RAM 

Low Power (350nsec)............0.. 
1024x1 Bit Static MOS RAM 

Low Power (400nsec) 
256x4 Bit Static MOS RAM (500nsec) 
256x4 Bit Static MOS RAM (350nsec) 
256x4 Bit Static MOS RAM (250nsec) 
256x4 Bit Static MOS RAM (450nsec) 
256x4 Bit Static MOS RAM (175nsec) 
256x4 Bit Static MOS RAM (200nsec) 
256x4 Bit Static MOS RAM (500nsec) 
256x4 Bit Static MOS RAM (350nsec) 
256x4 Bit Static MOS RAM (250nsec) 
256x4 Bit Static MOS RAM (450nsec) 
256x4 Bit Static MOS RAM (175nsec) 
256x4 Bit Static MOS RAM (200nsec) 
1024x4 Bit Static MOS RAM (450nsec) 
1024x4 Bit Static MOS RAM (300nsec) 
1024x4 Bit Static MOS RAM 

Low Power (450nsec) 
1024x4 Bit Static MOS RAM 

Low Power (300nsec) 
2048x8 Static MOS ROM (550nsec) 
2048x8 Static MOS ROM (450nsec) 
4096x8 Static MOS ROM (450nsec) 
Dual 1024 Bit Dynamic MOS 

Shift Register (1MHz) 
Dual 1024 Bit Dynamic MOS 

Shift Register (2.5MHz) 
512x8 Static MOS ROM (550nsec) 
1024 Bit Static MOS Shift Register 
Dual 512 Bit Static MOS Shift 

Register (1.5MHz) 
Dual 512 Bit Static MOS Shift 

Register (3.0MHz) 
Dual 480 Bit Static MOS Shift 

Register (1.5MHz) 
Dual 480 Bit Static MOS Shift 

Register (3.0MHz) 
Quad 256 Bit Dynamic MOS Shift 

Register (10MHz) 
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SY2803A 
SY2804A 
SY2825A 
SY 2826 
SY2827 
SY 2833 
SY2833A 
SY2833B 
SY2833C 
SY3514 
SY3515 
SY4050 
SY 4050-1 
SY4050-2 
SY 4600 
SY5101L 
SY5101L-1 
SY5101L-3 
SY5101-8 


SY5102-3 
SY5102L-3 


SY5001 


SY5002 


SY5008 


SY5009A 


SY6502 


SY6502A 


SY6503 


SY6503A 


SY6504 


SY6504A 


SY6505 


SY6505A 


SY6506 


SY6506A 


SY6512 


SY6512A 


Dual 512 Bit Dynamic MOS Shift 
Register (10QMHz) 
Single 1024 Bit Dynamic MOS Shift 


re 


Register (1OMHz) ................ 2-17 
Dual 1024 Bit Dynamic MOS Shift 

Register, Recirculate (6MHz) ......... 2-21 
Dual 1024 Bit Dynamic MOS Shift 

Register, Separate Recirculate (6MHz) ... . 2-21 
Single 2048 Bit Dynamic MOS Shift 

Register (6MHz).............000. 2-21 
1024 Bit Static MOS Shift Register (2MHz) 2-11 
1024 Bit Static MOS Shift Register (3MHz) 2-11 
1024 Bit Static MOS Shift Register (4MHz) 2-11 
1024 Bit Static MOS Shift Register (5MHz) 2-11 
512x8 Bit Static MOS ROM (700nsec) ..... 4-15 
512x8 Bit Static MOS ROM (500nsec) ..... 4-15 
4096x1 Dynamic MOS RAM (300nsec) .... . 3-51 
4096x1 Dynamic MOS RAM (250nsec) ..... 3-51 
4096x1 Dynamic MOS RAM (200nsec) ..... 3-51 
2048x8 Static MOS ROM (550nsec)....... 4-19 
256x4 Static CMOS RAM 

Power Down (650nsec)..........2... 3-57 
256x4 Static CMOS RAM 

Power Down (450nsec) ............. 3-57 
256x4 Static CMOS RAM 

Power Down (650nsec) ............. 3-57 
256x4 Static CMOS RAM 

Power Down (800nsec) .............. 3-57 
1Kx1 Bit Static CMOS ROM ........... 3-61 
1024x1 Static CMOS RAM 

Power Down (650nsec) ............. 3-61 
CMOS Timekeeping Circuit, 6 Digit LCD, 

PF PGR CUON, 5. teres ar ye ast oe Gade em ee o 6-3 
CMOS Timekeeping Circuit, 6 Digit LED, 

PoP UNCON wus Gio aCe ee ht Be eee 6-7 
CMOS Frequency Divider & Stepper 

Wloter Driver. fon, oe Wh ane eS Ai 6-13 
CMOS Chronograph, 6 Digit LCD, Alarm, 

Stopwatch Modes ................ 6-15 
40 Pin CPU, On-Chip Clock, 65K 

Addressable Bytes................ 5-3 
40 Pin CPU, On-Chip Clock, 65K 

Addressable Bytes (2MHz) ........... 5-3 
28 Pin CPU, On-Chip Clock, 4K 

Addressable Bytes. ............... 5-3 
28 Pin CPU, On-Chip Clock, 4K 

Addressable Bytes (2MHz) ........... 5-3 
28 Pin CPU, One Interrupt, On-Chip Clock, 8K 

Addressable Bytes. ............... 5-3 
28 Pin CPU, One Interrupt, On-Chip Clock, 8K 

Addressable Bytes (2MHz) ........... 5-3 


28 Pin CPU, One Interrupt, On-Chip Clock, RDY 


Feature, 4K Addressable Bytes ........ 5-3 
28 Pin CPU, One Interrupt, On-Chip Clock, 8K 

Addressable Bytes (2MHz) ........... 5-3 
28 Pin CPU, On-Chip Clock, 2 Phases Brought 

Out, 4K Addressable Bytes. .......... 5-3 
28 Pin CPU, On-Chip Clock, 2 Phases Brought 

Out, 4K Addressable Bytes (2MHz)...... 5-3 
40 Pin CPU, External Clock, 

65K Addressable Bytes ............. 5-3 
40 Pin CPU, External Clock, 65K 

Addressable Bytes (2MHz) ........... 5-3 


SY6513 


SY6513A 


SY6514 


SY6514A 


SY6515 


SY6515A 


SY6520 


28 Pin CPU, External Clock, 4K 


Addressable Bytes................ 5-3 
28 Pin CPU, External Clock, 4K 

Addressable Bytes (2MHz) ........... 5-3 
28 Pin CPU, External Clock, 8K 

Addressable Bytes...........-.... 5-3 
28 Pin CPU, External Clock, 8K 

Addressable Bytes (2MHz) ...:....... 5-3 


28 Pin CPU, One Interrupt, External Clock: RDY 
Feature, 4K Addressable Bytes 

28 Pin CPU, One Interrupt, External Clock: RDY 
Feature, 4K Addressable Bytes (2MHz) ... 5-3 

40 Pin Peripheral Interface Adapter Plug 
Replaceable to Motorola's PIA 


1-4 


SY6520A 


SY6522 


SY6530 


SY6532 


System 65 
KIM-1 


Custom Applications — MOS/LS! 


40 Pin Peripheral Interface Adapter Plug 
Replaceable to Motorola’s PIA (2MHz). . . .5-15 
40 Pin Via-Versatile Interface Adapter-Features 
of 6520 Plus Two Interval Timers, Latching 
On I/O Pins Shift Register For P/S and S/P 
‘Interface, Interrupt Flag and Enable Registers 


For Ease of Use...... bg Rik -as 4, Sues eats a 5-19 
40 Pin Combo, 64 Bytes RAM, 1K Bytes ROM, 

16 1/O Channels Interval Timer... ...... 5-43 
40 Pin Combo, 128 Bytes RAM, 16 1/O 

Channels, Interval Timer ............ 5-55 
Microcomputer Development System ...... 5-63 
Microcomputer Development Board ....... 5-65 


Shift Registers 


Functional Index 


Dynamic 
SY1402A Quad 256 Bit Dynamic MOS Shift 

Register (G5GMHz)...............0. 2-3 
SY1403A Dual 512 Bit Dynamic MOS Shift 

Register (SMH Zz): 23 6 gn4 6 Shaw ee eK 2-3 
SY1404A Single 1024 Bit Dynamic MOS Shift 

Register (5MHz)................. 2-3 
SY2802A Quad 256 Bit Dynamic MOS Shift 

Register (10OMHz) ..............0.. 2-17 
SY2803A Dual 512 Bit Dynamic MOS Shift 

Register (10OMHz) .............0.. 2-17 
SY2804A Single 1024 Bit Dynamic MOS Shift 

Register (10MHz) ...............0. 2-17 
SY2401 Dual 1024 Bit Dynamic MOS Shift 

Register (1MHz)................. 2-7 
SY2401-1 Dual 1024 Bit Dynamic MOS Shift 

Register (2.5MHz)...............4. 2.7 
SY2825A Dual 1024 Bit Dynamic MOS Shift 

Register Recirculate (6MHz) ......... 2-21 
SY2826 Dual 1024 Bit Dynamic MOS Shift 

Register Separate Recirculate (6MHz) 2-21 
SY2827 Single 2048 Bit Dynamic MOS Shift 

Register (6MHz)..............04. 2-21 
Static 
SY2534 Dual 512 Bit Static MOS Shift 

Register (1.5MHz).............00. 2-15 
SY2534A Dual 512 Bit Static MOS Shift 

Register (3.0MHz)..... eh 2G pot tages 2-15 
SY2535 Dual 480 Bit Static MOS Shift 

Register (1.5MHz)................ 2-15 
SY2535A Dual 480 Bit Static MOS Shift 

Register (3.0MHz).............04.4 2-15 
SY2533 1024 Bit Static MOS Shift Register (1.5MHz) . 2-11 
SY 2833 1024 Bit Static MOS Shift Register (2MHz) . 2-11 
SY 2833A 1024 Bit Static MOS Shift Register (3MHz) . .2-11 
SY2833B 1024 Bit Static MOS Shift Register (4MHz) 2-11 
SY2833C 1024 Bit Static MOS Shift Register (5MHz) .2-11 
Random Access Memories 
Dynamic 
SY1103A-1 1024 Bit Dynamic MOS RAM (145nsec) 3-3 
SY1103A-X 1024 Bit Dynamic MOS RAM (100nsec) : 3-3 
SY4050 4096x1 Bit Dynamic MOS RAM (300nsec) . . . 3-51 
SY4050-1 4096x1 Bit Dynamic MOS RAM (250nsec) . 3-51 
SY4050-2 4096x1 Bit Dynamic MOS RAM (200nsec) . . . 3-51 
Static 
SY2101-1 256x4 Bit Static MOS RAM (500nsec) ..... 3-11 
SY2101A 256x4 Bit Static MOS RAM (350nsec) ..... 3-11 
SY2101A-2 256x4 Bit Static MOS RAM (250nsec) ..... 3-11 
SY2101A-4 256x4 Bit Static MOS RAM (450nsec) ..... 3-11 
SY21H0O1 256x4 Bit Static MOS RAM (175nsec) ..... 3-15 
S$Y21HO1-2 256x4 Bit Static MOS RAM (200nsec) ..... 3-15 
SY2102-1 1024x1 Bit Static MOS RAM (500nsec)..... 3-19 
SY2102A-2  1024x1 Bit Static MOS RAM (250nsec).... . 3-19 
SY2102A-4 1024x1 Bit Static MOS RAM (450nsec)..... 3-19 
SY2102-1L 1024x1 Bit Static MOS RAM (500nsec)..... 3-19 
SY2102-5 1024x1 Bit Static MOS RAM (650nsec).... . 3-19 
SY21HO2 1024x1 Bit Static MOS RAM (175nsec).... . 3-23 
SY21HO2-2 1024x1 Bit Static MOS RAM (200nsec).... . 3-23 
SY21L02 1024x1 Bit Static MOS RAM 

Low Power (1usec) ............04.4 3-25 
SY21L02-1 1024x1 Bit Static MOS RAM 

Low Power (500nsec).............. 3-25 
SY21L02A 1024x1 Bit Static MOS RAM 

Low Power (350nsec).............. 3-25 


SY21L02B 


SY2111-1 
SY2111A 
SY2111A-2 
SY2111A-4 
SY21H11 
SY21H11-2 
SY2112-1 
SY2112A 
SY2112A-2 
SY2112A-4 
SY21H12 
SY21H12-2 
SY2114 
SY2114-3 
SY2114L 


SY2114L-3 


SY5101L 


SY5101L-1 


SY5101L-3 


SY5101-8 


SY5102-3 
SY5102L-3 


1024x1 Bit Static MOS RAM 


Low Power (40Onsec).............. 3-25 
256x4 Bit Static MOS RAM (50Qnsec) ..... 3-29 
256x4 Bit Static MOS RAM (350nsec) ..... 3-29 
256x4 Bit Static MOS RAM (250nsec) ..... 3-29 
256x4 Bit Static MOS RAM (450nsec) ..... 3-29 
256x4 Bit Static MOS RAM (175nsec) ..... 3-33 
256x4 Bit Static MOS RAM (200nsec) ..... 3-33 
256x4 Bit Static MOS RAM (500nsec) ..... 3-37 
256x4 Bit Static MOS RAM (350nsec) ..... 3-37 
256x4 Bit Static MOS RAM (250nsec) ..... 3-37 
256x4 Bit Static MOS RAM (450nsec) ..... 3-37 
256x4 Bit Static MOS RAM (175nsec) ..... 3-43 
256x4 Bit Static MOS RAM (200nsec) ..... 3-43 
1024x4 Bit Static MOS RAM (450nsec).... . 3-47 
1024x4 Bit Static MOS RAM (300nsec)..... 3-47 
1024x4 Bit Static MOS RAM 

Low Power (450nsec).............. 3-47 
1024x4 Bit Static MOS RAM 

Low Power (300nsec).............-. 3-47 


256x4 Bit Static CMOS RAM 
Power Down (650nsec) . 2... ee ee 3-57 
256x4 Bit Static CMOS RAM ~ ~ 


Read Only Memories 


Static 


SY 2530 
SY2316A 
SY2316B 
SY 2332 
SY3514 
SY3515 
SY4600 


Timekeeping Products 


SY5001 


SY5002 


SY5008 


SY5009A 


Microprocessors 


SY6502 


SY6502A 


SY6503 


SY6503A 


SY6504 


SY6504A 


Power Down (450nsec) ............. 3-57 
256x4 Bit Static CMOS RAM 

Power Down (650nsec) ....... foe eae 3-57 
256x4 Bit Static CMOS RAM , 

Power Down (800nsec)...........-.-. 3-57 
1024x1 Bit Static CMOS RAM .......... 3-61 
1024x1 Bit Static CMOS RAM 

Power Down (450nsec) ............. 3-61 
512x8 Bit Static MOS ROM (550nsec) ..... 4-3 
2048x8 Bit Static MOS ROM (550nsec)..... 4-7 
2048x8 Bit Static MOS ROM (450nsec).... . 4-7 
4096x8 Bit Static MOS ROM (450nsec)..... 4-11 
512x8 Bit Static MOS ROM (700nsec) ..... 4-15 
512x8 Bit Static MOS ROM (500nsec) ..... 4-15 
2048x8 Bit Static MOS ROM (550nsec)..... 4-19 
CMOS Timekeeping Circuit, 6 Digit LCD, 

TP PONCUION:. 2.3 Sida Sa oak ele Bee ee 6-3 
CMOS Timekeeping Circuit, 6 Digit LED, 

F PUNCHON: ga: ae acess e aoe: fe Bae eh a 6-7 
CMOS Frequency Divider & Stepper 

Motor Driver. ..............0. 08.4 6-13 
CMOS Chronograph, 6 Digit LCD, Alarm, 

Stopwatch Modes ................ 6-15 
40 Pin CPU, On-Chip Clock, 65K 

Addressable Bytes. .............04. 5-3 


40 Pin CPU, On-Chip Clock, 65K 
Addressable Bytes (2MHz)............. 5-3 
28 Pin CPU, On-Chip Clock, 4K 


Addressable Bytes. ...........0.20+0. 5-3 
28 Pin CPU, On-Chip Clock, 4K 

Addressable Bytes (2MHz) ........... 5-3 
28 Pin CPU, One Interrupt, On-Chip Clock, 

8K Addressable Bytes.............. 5-3 
28 Pin CPU, One Interrupt, On-Chip Clock, 

8K Addressable Bytes (2MHz)......... 5-3 


SY6505 


SY6506 


SY6506A 


SY6512 


SY6512A 


SY6513 


SY6513A 


SY6514 


SY6514A 


SY6515 


28 Pin CPU, One Interrupt, On-Chip Clock, 


RDY Feature, 4K Addressable Bytes ..... 5-3 
28 Pin CPU, On-Chip Clock, 2 Phases Brought 

Out, 4K Addressable Bytes. .......... 5-3 
28 Pin CPU, On-Chip Clock, 2 Phases Brought 

Out, 4K Addressable Bytes (2MHz)...... 5-3 
40 Pin CPU, External Clock, 65K 

Addressable Bytes.............00. 5-3 
40 Pin CPU, External Clock, 65K 

Addressable Bytes (2MHz) ........... 5-3 
28 Pin CPU, External Clock, 4K 

Addressable Bytes.............000. 5-3 
28 Pin CPU, External Clock, 4K 

Addressable Bytes (2MHz) ........... 5-3 
28 Pin CPU, External Clock, 8K _ . 

Addressable Bytes..............2.. 5-3 
28 Pin CPU, External Clock, 8K 

Addressable Bytes (2MHz) ........... 5-3 
28 Pin CPU, One Interrupt, External Clock: 

RDY Feature, 4K Addressable Bytes ..... 5-3 
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SY6515A 


SY6520 


SY6520A 


SY6522 


SY6530 


SY6532 
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Custom Capabilities — MOS/LSI 


28 Pin CPU, One Interrupt, External Clock: 
RDY Feature, 4K Addressable Bytes (2MHz) . 5-3 
40 Pin Peripheral Interface Adapter Plug : 


Replaceable to Motorola’s PIA ........ 5-15 
40 Pin Peripheral Interface Adapter Plug 
Replaceable to Motorola’s PIA (2MHz). . . . 5-15 


40 Pin Via-Versatile Interface Adapter- 
Features of 6520 Pius Two Interval 
Timers, Latching On !/O Pins Shift 
Register For P/S and S/P Interface, 
interrupt Flag and Enable Registers 
For Ease Gf Ws@..¢ u8 doled eS Bee 5-19 


40 Pin Combo, 64 Bytes RAM, 1K Bytes 


ROM, 16 1/O Channels, Interval Timer . 5-43 

40 Pin Combo, 128 Bytes RAM, 1K Bytes 
ROM, 16 1/O Channels, Interval Timer .. . . 5-55 
Microcomputer Development System ...... 5-63 
Microcomputer Development Board ....... 5-65 
Ss lulun ht Meat ace eae aes des 7-3 
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1024-Bit Dynamic 
Shift Registers 
Quad, Dual, Single 


SY1402A 
SY1403A 
SY1404A 


MEMORY 
PRODUCTS 


Synertek’ 


@ Synertek ion implanted silicon gate process 
@® 5 MHz data rate—minimum 
@ 2.5 MHz clock rate 


The SY1402A, 1403A and 1404A 2¢ dynamic shift 
registers utilize 1/O multiplexing techniques to attain 
a 5.0 MHz.data rate with a clock rate of only 2.5 MHz. 
The inputs and outputs are bipolar and MOS compati- 
ble for ease of implementation in a TTL, DTL anda 
high- or low-threshold MOS system. 


Clock power and Vpp current have been significantly 
reduced due to the advantages inherent in an ion 


e TTL, DTL compatible 
@ Reduced clock capacitance, 85 pF 
@ Reduced power dissipation, 80 uW/bit at 1.0 MHz 


~~ 


silicon gate design. These savings directly affect the 
cost of the overhead circuitry (clock drivers, power 
supplies) for ‘a shift register memory system. 


The SY1402A, 1403A and 1404A are used effectively 
in applications requiring low cost serial memory such 
as CRT refresh, line and page storage for facsimile 
transmitters and receivers, and character storage for 
high speed printers. 


implanted silicon gate design over a conventional 


PIN CONFIGURATION PIN CONFIGURATION PIN CONFIGURATION 

OUTPUT 1 
NC 
IN1E 
@ 1 


1 
2 
ie 
4 
5 
6 
7 
8 


SYP1402A 
SYC1402A 


~ SYP1403A . 
SYP1404A 
Temperature 
Range 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
O°C to +70°C 
0°C to +70°C 


ORDERING INFORMATION 
Package 
Type 
Plastic Dip 
TO Can 
Plastic Dip 
TO Can 
Plastic Dip 
Ceramic Dip 


Order 
Number 


SYP1404A 
SYM1404A 
SYP1403A 
SYM1403A 
SYP1402A 
SYC1402A 


Organization 
1024 x 1 
1024 x 1 
512 x2 
512 x 2 
256 x 4 
256 x 4 


Ss 


Synertek e P.O. Box 552 e Santa Clara, CA 95051 e Telephone (408) 984-8900 e TWX: 910-338-0135 
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ABSOLUTE MAXIMUM RATINGS | 


SY1402A,SY1403A,SY1404A 


Temperature Under Bias 0: C1070 -€ Data and Clock Input Voltages 
Storage Temperature ~65°C to +160°C and Supply Voltages with 
Power Dissipation (2) 1 Watt respect to Vcc +0.5V to -20V 


D.C. CHARACTERISTICS Ty, =0°C to 70°C, Vcc = +5V +5%, unless otherwise specified 
Vop = -bV £5% or -9V +5% 


Symbol 


lu 

ILO 
lic 
VIL 


VIH 


Test Min. Typ.(3) Max. Unit Conditions 

Input Load Current <10 500 nA Ta = 25°C 

Output Leakage Current <10 1000 nA Vout = 0.0V, Ta = 25°C 
Clock Leakage Current 10 1000 nA Max. Vitc. Ta = 25°C 
Input “Low” Voltage Vec=I0™ . Vcc-4.2 V 

Input High’ Voltage Vcc-2 Vect.3 V 


Vpp =-5V +5% 


Ipo1 


IDb2 
VILC 
VIHC 
VOL 

VOH1 


VOH2 


Power Supply Current 15 20 mA TA =25°C \ Output at Logic 0”, 
5 MHz Data Rate, 
33% Duty Cycle, 
Continuous Operation, 


Power Supply Current 22 mA TC =O°C Vitec = Vec-17V 
Clock Input Low Voltage Vec-17 Vcc-15 V 

Clock Input High Voltage Vcec-1 VCcers V 

Output Low Voltage -.3 0.5 V R.1,=3K toVpp. lo, = 1.6 mA 
Output High Voltage 2.4 35 V 2 ah ie 
Dring tte . Rxi1= 3K to Vpp.!OoH 100uA 


Output High Voltage 


Ri. 2=4.7K to Vpp 
Driving MOS VECr® “CC! 4 


(See p. 4 for connection) 


Vop = -9V +5% 


IDD3 


IpD4 
VILC 
VIHC 
VOL 

VOH1 


VOH2 


Power Supply Current 15 20 mA Ta =25°C) Output at Logic “0”, 
3 MHz Data Rate, 
26% Duty Cycle, 
Continuous Operation, 


Power Supply Current 22 mA TC=O°C Vitc = Vec-14.7V 
Clock Input Low Voltage Vcec-14.7 Vcec-12.6 V 

Clock Input High Voltage Vcc-l Vccot3 V Rvu1=4.7K to Vpp. lot = 1.6 mA 
Output Low Voltage -.3 0.5 V Ri1=4.7K to Vpop. lol =1-6 mA 
Output High Voltage bs bos 

Driving TTL 2.4 CHS V Ry 1=4.7K to Vpp, !QOH = -100 HA 
Output High Voltage 7 rm Ri 2=6.2K to Vpop (See p. 4 for 
Driving MOS NCGS? uC ¥ Ri. 3=3.9K toVcc connection) 
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Note 1: 


Note 2: 


Note 3: 


Stresses listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


The 1 watt dissipation is not to be construed as an operating rating (see note 1). For operating at elevated temperatures 
the device must be derated based as shown on page 4. When operating at Vpp = -9Vt5% the maximum duty cycle is 
33% and at Vpop = -9V+5% the maximum duty cycle is 26%. In applications the duty cycle should be a minimum to 
reduce power dissipation. Duty cycle = [tgpyw + 1/2 (tR + te)}] x clock rate. 


Typical values are at Ta = 25°C and at nominal voltages. 
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S SY1402A, SY1403A, SY1404A 


A.C. CHARACTERISTICS T, =0°C to 70°C: Vcc = +5V +5% 


VoD = -8V +5% Vpp = -9V +5% 

Symbol Test (Test Load 1) (Test Load 2) Unit 

Min. Max. Min. Max. 
Frequency Clock Rep Rate 2.5 5 MHz 2 
Frequency Data Rep Rate Note 1 5.0 Note 1 3.0 MHz 7 _ 
toPw Clock Pulse Width .130 10 .170 10 psec Z. z 
ted Clock Pulse Delay 10 Note 1 10 Note 1 nsec oc 
eed = Clock Pulse Transition 1000 1000 nsec | 
tow Data Write Time (Set Up) 30 60 nsec 
tpH Data To Clock Hold Time 20 20 nsec 
eG en Clock To Data Out Delay 90 110 nsec 


CAPACITANCE 2 Vcc = +5V +5%, Vpp = -5V +5% or -9V +5%, Ta = 25°C 


Symbol Test Typ. Max. Conditions 

Cin Input Capacitance 5 pF 10 pF Vin =Vec 

Cout Output Capacitance Spr 10 pF VouTt=Vcc \ ¢= 

Co Clock Capacitance 70 pF 85 pF Vo=Vcc MHz 
Co162 Clock to Clock Capacitance 11 pF 16 pF Vo=Vcc 

Note 1: See page 4 for guaranteed curve. Note 2: This parameter is periodically sampled and is not 100% tested. 


SWITCHING CHARACTERISTICS 


Conditions of Test 
Input rise and fall times: 10 nsec 
Output Load is 1 TTL gate 


+ Crotat = 10 pF i CrotaL = 10 pF 


Vop = -5V + 5% D4 Vop = -9V + 5% D5 


Timing Diagram 


| BIT 1 | BIT 2 | | BIT N ee 
BIT 1 BIT 2 


Vv 
10% -—-- IHC 
$1 
CLOCK 90% oa : ; | | se é 7 ee eee ee ee Vite 
D |~——— | 
| tL fock'RATE—a eT 
torPw je! | teil mye te 
o2 | | 
CLOCK . | 
ioe | | 
toH* ree) DATA! | | 
| 'e2PW——y M— RATE | | ‘) 
go on (Saas ese esa ses SSerseeeses= {ner aseeees jcneSs ses 1H 
DATA IN ‘ 
oe eV 
INBIT1 INBIT2 ——{_ |[=t Leta 
mek ane ne Ab------- See a Sasa eoeeee VoH 
OUT BIT1 OUTBIT2 D6 


*tow and tpH same for to **N=256 for SY 1402A, N=512 for SY1403A, N=1024 for SY 1404A 
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S | SY1402A, SY1403A, SY1404A 


TYPICAL CHARACTERISTICS 


600 7 
z 
re ae x 
7 2 
Ww 
= c 
| ic - = = 
= ) E O 
G) > 400. N ~ 
Y S = 8 
| : : 
é a < Cc 
oon f~ 
4) < m 
Q - o 
< 200 a) 
> S 
oO ~< 
a So 
(o) 
(7p) 
m 
2) 
0 
10 20 30 40 50 60 70 80 90 100 0 10 20 25 30 40 50 60 70 
AMBIENT TEMPERATURE (°C) 7 AMBIENT TEMPERATURE (°C) D8 
MAXIMUM ALLOWABLE MINIMUM OPERATING DATA RATE 
POWER DISSIPATION OR MAXIMUM CLOCK PULSE DELAY 


VS. TEMPERATURE 


DT L/TTL MOS Interfaces 


3k 


Vcc 
SY 1402A/3A/4A 
IN OUT 


Vec 
SY 1402A/3A/4A 
OUT 


DTL/TTL 


$1 $2 Vpp 1 62 Vpop 


R, Load Resistor Values 
for Different Vp Supplies 


D9 


*S 
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Registers 


Synertek® 


Single Supply Voltage - +5V 
Fully TTL Compatible 
Clock 

Guaranteed 1MHz Operation (SY2401) or 2.5MHz 
Operation (SY2401-1) With 100pF Load, Over 
Temperature 


Inputs, Outputs and 


The SY2401 is a 2048-bit dynamic recirculating shift 
register. It is directly TTL compatible in all respects: 
inputs, outputs, clock and a single +5V power supply. 


Write/recirculate controls are provided to eliminate 
the need for external logic elements when recirculating 
data. 


Two Chip Select inputs have been provided to allow 
easy selection of an individual package when outputs 
of several devices have been ‘‘OR-tied.’”” A separate 


PIN CONFIGURATION 


ORDERING INFORMATION 


Order Package Clock Temperature 
Number Type Frequency Range 


SYP2401 Plastic DIP 1 MHz 0°C to 70°C 
SYC2401 Ceramic DIP 1 MHz 0°C to 70°C 
SYP2401-1 Plastic DIP 2.5 MHz 0°C to 70°C 
SYC2401-1 Ceramic DIP 2.5 MHz 0°C to 70°C 


PIN NAMES 


Data Input 
Write/Recirculate 
Control 

Chip Select Input 


Data Output 
Internal Load 
Resistor 

No Connection 


S Synertek® e 


P.O. Box 552 e 


2048 - Bit Dynamic 
Recirculating Shift 


Santa Clara, CA 95052 
7°77 


SY2401 


MEMORY 
PRODUCTS 


Low Power Dissipation - 150 uW/Bit Typical at 
Maximum Clock Rate 

Low Clock Capacitance - 7pF 

Write/Recirculate and Chip Select Logic Incorpo- 
rated on Chip 

Standard Configuration - Dual 1024 Bit 


| ae 


internal ‘‘pull-up” resistor (RL) is provided which can 
be externally connected to the output pin to achieve 
full signal swing. 


This shift register is fabricated with ion-implanted 
N-channel silicon gate technology. This technology 
provides the designer with high performance, easy to 
use MOS circuits. Only a single +5V Power supply is 
needed and all devices are directly TTL compatible, 
including clocks. 


LOGIC DIAGRAM 


Vv 


cc 
INTERNAL 
LOAD 
RESISTOR 
Rt 
O 


=a OUTPUT 


ote This represents one half of the 2407) The chip 


select inputs and clock input are Common 


TRUTH TABLE 
PIN SYMBOL 


FUNCTION W/R 


| WIR 
L: 
X 


H = Logic High Level L = Logic Low Level 
X = Don’t Care Condition 


RECIRCULATE 


READ MODE 


TWX: 910-338-0135 


4anytnirnw 


e Telephone (408) 984-8900. e 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias 0°C to 70°C 
Storage Temperature -65°C to 150°C 
Power Dissipation 1W 
Voltage on Any Pin with 


Respect to Ground ~0.5V to +7V 


SY2401 


*COMMENT: 


Stresses above those listed under ‘‘Absolute Maximum 
Ratings’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of 
the device at these or at any other condition above 
those indicated in the operational sections of this 


specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods 
may affect device reliability. 


7) 
cc 
LJ 
_ 
g 
Oo 
Lu 
oc 


D.C. CHARACTERISTICS 
Ta =0°C to 70°C, Veg = +5V +5%, unless otherwise specified. 


SY2401  SY2401-1 
Symbol Parameter | Min.| Typ.(1)| Max. | Unit Test Conditions 
My Input Leakage 10 WA | Vin = 5.25V 
ILO Output Leakage HA | VOUT = 5.25V 
Icc Power Supply TA = 25°C ) Vcc = 5.25V; 
Current TA =0°C 80% Duty Cycle 
VIH Input High Level Voltage (All Inputs) | 2.2 
VIL Input Low Level Voltage (All Inputs) | -0.3 
IOL Output Low Sink Current 6.3 10 VOL = 0.45V 
VOH Output High Level Voltage 2.4 IOH = -1mA, Ri Connected 
VOL Output Low Level Voltage 0 IOL = 1.6mA, RL Connected 
Ri Internal Load 0.8 1.3 


NOTE: (1) Typical values are at 25°C and at nominal voltage. 


A.C. CHARACTERISTICS 


MINIMUM DATA RATE AND MAXIMUM CLOCK DELAY 
VS. AMBIENT TEMPERATURE 


100KHz 10us 
25KHz 40us 
10KHz a 100us 
MINIMUM ime MAXIMUM 
DATA RATE : CLOCK DELAY 
| (tgp) 
100 Hz 10ms 
10 Hz 100ms 


0 10 20 30 40 50 60 70 
AMBIENT TEMPERATURE (°C) 
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y) 


A.C. CHARACTERISTICS 


Ta =0°C to 70°C, Vec = +5V +5%, unless otherwise specified. 


SY2401 SY2401-1 
Parameter 


|_Min | Max | Min | Max | 
Max. Data Rep. Rate 


Min. Data Rep. Rate 


Test Conditions 


Freq. Max. 
TA =25°C 
Ta = 70°C 


Freq. Min. 


topw Clock Pulse Width 
toD Clock Pulse Delay Ta = 25°C 
Ta =70°C 
tr, tf Clock Rise and Fall Time 
tw Write Time 
tH Hold Time 
tA Access Time From Clock Ri Connected, Cy = 100pF 


or Chip Select One TTL Load 


CAPACITANCE 
TA=25°C 


Symbol Parameter Test Conditions 


CIN Data, W/R & CS Input 4 7 pF 

Capacitance All Pins at AC Ground; 
CouT Output Capacitance 10 14 pF | 250 mV Peak to Peak, 
Cg Clock Capacitance 4 7 pF 1 MHz 


WAVEFORMS 
BIT 1 BIT 2 BIT n+1 BIT n+2 


VIH 
CLOCK 
VIL 


DATA, VIH 
W/R, 
CS VIL 


OUTPUT IF CHIP 
CONTINUOUSLY 
SELECTED 


cs “0” OUT 


OUTPUT IF CS 1S 
PULSED (OUTPUT 
IS HIGH WHEN 
UNSELECTED) 


OUTPUT 


“0” OUT 


SY2401 


) 
oc 
Lu 
a 
2 
O 
Lud 
oc 


UY) 


PACKAGE DIAGRAM 
CERAMIC PACKAGE 


PiN NO. 1 
IDENT 


(.060) 
(.020)  (.120) 


le (.080) 


(.015) 
(.008) 
(.150) (.320) 
( 125) - (.290) - 
eee! |e (.110) 


(060) 032 REF (.090) 


P.O. Box 552 ° Santa Clara, CA 95052 


SY2401 


PLASTIC PACKAGE 


(.255) 
(.245) 
PIN NO. 1 
IDENT. 
TTT OTT 
cl ie a 
(.065) n- 
(045) 
faa | ead {.110) 


032 REF. 


e Telephone (408) 984-8900 e TWX: 910-338-0135 
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§ 1024 Bit Static 


Synertek° 


@ Single +5V Power Supply 
@® High Speed Operation — 5.0 MHz 


® Totally TTL compatible — inputs, output, clock 


Shift Registers 


SY2533 
— SY2833 
SY2833A/B/C 


MEMORY 
PRODUCTS 


@ Military temperature range operation 
@ 400 mvolt noise immunity 


@ Replaces AMD 2833 Series and Signetics 2533 


The SY2533/SY2833 Series of Static Shift Registers, 
organized 1024x1, are completely TTL compatible 
and capable of high speed operation. Only a single 
+5V power supply is needed, and all inputs, clock and 
outputs operate at TTL voltage levels. On chip logic 
is provided to accept input data from either of two 
inputs, allowing simple external system recirculate 
operation. Data is entered into the register on the 
positive to negative transition of the clock pulse, and 
1023 clock cycles later, is available at the output, a 
delay time after the positive to negative transition of 


METAL 
CAN PACKAGE 


Vcc 


CONNECTION DIAGRAMS 


DUAL 
IN-LINE PACKAGE 


OUT [1] 18] Voc 
Nc (2] IN, Ne 2) (6) @ 
STREAM § 
SELECT STREAM 5) IN 
GND [4] PSyIN, SELECT L 
GND 
TOP VIEW . 
P VIE 
C-Package ne 
P-Package T-Package 
c ORDERING INFORMATION 
Order Package Clock Temperature 
Number Type Frequency Range 
SYP2533 = Plastic Dip «= 1.5MHz O°Cto+70°C 
SYT2533 TO-Can 1.5MHz O0°C to +70°C 
SYC2533. Ceramic Dip 1.5MHz O°Cto +70°C 
SYP2833 Plastic Dip 2MHz O°Cto+70°C 
SYT2833 TO-Can 2MHz O°Cto +70°C 
SYC2833 Ceramic Dip 2MHz O°Cto+70°C 
SYP2833A PlasticDip 3MHz O°Cto+70°C 
SYT2833A  TO-Can 3MHz O°Cto+70°C 
SYC2833A Ceramic Dip 3MHz O°Cto+70°C 
SYP2833B PlasticDip 4MHz O°Cto +70°C 
SYT2833B  TO-Can 4MHz 0OCto+70°C 
SYC2833B Ceramic Dip 4MHz O0°C to +70°C 
SYP2833C PlasticDip 5MHz O0°Cto+70°C 
SYT2833C  TO-Can 5MHz 0°Cto+70°C 
SYC2833C Ceramic Dip 5MHz O°Cto+70°C 
SYMC2833 Ceramic Dip 2MHz -55°C to +125°C 


the clock pulse. Since all internal storage is implemen- 
ted with static, DC logic, the clock input may be held 
indefinitely at a logic “‘O” state without loss of data. 


The S¥2533/SY 2833 Static Shift Registers, manufac- 
tured with Synertek’s ion-implanted silicon gate N- 
channel MOS technology, are totally compatible, plug 
in replacements for AMD's 2833 Series as well as 
Signetics 2533. These devices are intended for serial 
data storage in systems where single power supply, high 
speed operation and low system cost are important 
design parameters. | 


BLOCK DIAGRAM 


CLOCK 
GENERATOR 


1024 BIT 
REGISTER 


———— TS oom GES Se GED GEES GS SRS ee GN | Gee en 


TRUTH TABLE 


STREAM SELECT FUNCTION 
ee 


NOTE: “0” = OV, “1 =+5V 
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REGISTERS 


S SY2533, SY2833, SY2833A/B/C 


ABSOLUTE MAXIMUM RATINGS COMMENT 

Ambient Temperature Under Bias 0°C to 70°C Stresses above those listed under ‘‘Absolute Maximum 

Storage Temperature -65°C to +150°C Rating’’ may cause permanent damage to the device. 

Voltage On Any Pin This is a stress rating only and functional operation 
With Respect to Ground -0.5V to +7V of the device at these or at any other condition above 

Power Dissipation 1 Watt those indicated in the operational sections of this 


specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


D.C. CHARACTERISTICS 
Ta =0°C to +70°C (SY2533, 2833, 2833A, 2833B, 2833C), -55°C to +125°C (SYM2833) 


Vcc =+5V £5% 
Cae [ie [wo [us| Fe oo 
Output LOW Voltage Volts! Veo = MIN, Io, = 1.6 mA 
Guaranteed input logical HIGH 


A 
voltage for all inputs 
SN sll i Nl n= lll 
voltage for all inputs 


Vcc Power Supply 
Current (Note 1) 


[20 40 
Vcc Power Supply Ft 40 [| co mA 
Current (Note) [+f 80_-[75_| 


Note 1: Power supply currents are with outputs open. 


f = 4.0 MHz | SY2833B 
f = 5.0 MHz | SY2833C 


A.C. CHARACTERISTICS 
TA =0°C to +70°C (SY2533, 2833, 2833A), -55°C to +125°C (SYM2833) 
Vcc =+5V + 5% 


Setup Time, lg or 14 Input 


Hold Time, lg or 14 Input 


Setup Time, S Input 
Hold Time, S Input 


Delay, Clock to Output 
LOW or HIGH 


Output Rise and Fall Times 


Capacitance, Any !nput? 


Note 1: Typical limits are at Vcc = 5.0V, and Ta = 25°C 


Note 2: This parameter is periodically sampled but not 100% tested. It is guaranteed by design. 
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A.C. CHARACTERISTICS 
Ta =0°C to +70°C 
Vec = +5V + 5% 


Description 


Maximum Clock Frequency 4. 
Clock LOW Time 0.1 
Clock HIGH Time 


Clock Rise and Fall Times 
Setup Time, Ig or 14 Input 
Hold Time, |g or | Input 
Setup Time, S Input 
Hold Time, S Input 


tpd Delay, Clock to Output 
LOW or HIGH 
Output Rise and Fall Times 
Capacitance, Any Input? 


Note 1: Typical limits are at Vcc=5.0V, and Ta=25°C. 


SY2533, SY2833, SY2833A/B/C 


Units} Test Conditions 


—_ 
jo) 
[o) 


no ”n n 


50 
50 


50 


ns 
ns 
tr = tf < 25ns 
ns 
ns 


ns | Ry =2.9k,Cy =20pf 


S 10% to 90% 
F 


n 


—_ 
Ot; O1 
© 


—bh 
7 
= 
ae 
N 


Note 2: This parameter is periodically sampled but not 100% tested. It is guaranteed by design. 


TIMING DIAGRAM 


ViH 


CLOCK PULSE 50% 


90% 
ty < ty MAX 


f 50% 


VIL Se t. <t, MAX —_ 
, t.(I) MAX ae 
rie X XXX X RXR 2 KKK ENR KK AXKKKKKKKKRYY 
rE | "SOREN RRR ARR RR 
t,(1) MAX re 
VIH  AAAKAAAAAARANAAAARAAT AAAI IVY AIA 
note AY RNA RX RXR K co cae RNA RRNNRN \/ XXX) 
PT PRX KIRKE AAARXEXAKEXEXED PERKY 
. t,(S) MAX eres 
oe X Oy. QaieT er NY XXX 
Vie RRR RY XXXAAAAAARYX AXXXKR 


OUTPUT 


VOL 


WRITE DATA FROM 


IX (VV 


“KK XXX 


XK 20¥ — NOXKXKY 
a 
_ —_—_———————_/ 


ly WRITE DATA FROM lg 


2-13 


7) 
oc 
. LU 
fase 
= 
1) 
Lu 
oc 


5 


DEFINITION OF TERMS 


Static Shift Register. A shift register capable of main- 
taining stored data withoutcontinuously being clocked. 
Most static shift registers are constructed with dynamic 
master and static slave flip-flops. The data is stored 
dynamically while the clock is HIGH and is transfer- 
red to the static slaves while the clock is LOW. The 
clock may be stopped indefinitely in the LOW state, 
but there are limitations on me time it may reside in 
the HIGH state. 


4 


PHYSICAL DIMENSIONS 


8 Lead Plastic Dip 


IDENT. 


(,045) 
(025) © 


032 REF. (.045) 


8 Lead Ceramic Dip 


PINNQ.1 
IDENT 


» ( 0) >| 
a ( 0) >| 


(.008) 


(320) 
(.290) 


(.150) 
( ana (125) 


t us) | 


5 


SY2533, SY2833, SY2833A/B/C_ 


Setup and Hold Times. The shift register will accept 
the data present on its input around the time the 
clock goes from HIGH to LOW. Because of variations 
in individual devices, there is some uncertainty as to 
exactly when, relative to this clock transition, the data: 
will be stored. The setup and hold times define the 
limits on this uncertainty. To guarantee storing the 
correct data, the data inputs should not be changed 
between the maximum setup time before the clock 
transition and the maximum hold time after the clock 
transition. Data changes within this interval may or 
may not be detected. 


8 Lead TO-Can 


Orey INSULATOR 


{008 on 


X1.019) DIA. 


(.015) 
8 LEADS 


, es aie DIA. ——> 


45 -2 TYP. 
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SY2534 
SY2535 


MEMORY 
PRODUCTS 


512 Bit and 480 Bit Dual 
Static Shift Registers 


Synertek® 


@ +5 Volts Only—No Negative Power Supplies 
@® Reduce System Cost—Eliminate One Power Supply 
@ Available to 3.0 MHz 


These dual 512-bit and 480-bit static shift registers 
employ Synertek’s ion-implanted silicon gate tech- 
nology to achieve full TTL compatibility. All inputs 
and outputs are TTL levels and the only supply 
necessary is +5 volts. For applications requiring 


CONNECTION DIAGRAMS 


TOP VIEW TOP VIEW 


18} Vcc 

LT} Ny 

fe]ouT,  !No@) 
5] 0 


GND 
T = PACKAGE 


C = PACKAGE 
P = PACKAGE 


ORDERING INFORMATION 


Order Package Register Clock Temperature 
Number Type Length Frequency Range 


SYP2534 Plastic DIP 512 1.5MHz 0°C to +70°C 
SYT2534 TO Can 512 1.5MHz O0°C to +70°C 
SYP2534A Plastic DIP 512 3.0MHz O0°C to +70°C 
SYT2534A TOCan 512 3.0MHz 0°C to +70°C 
SYP2535 Plastic DIP 480 1.5MHz O°C to +70°C 
SYT2535 TO Can 480 1.5MHz O°C to +70°C 
SYP2535A Plastic DIP 480 3.0MHz 0O°C to +70°C 
SYT2535A TOCan 480 3.0MHz O°C to +70°C 


ABSOLUTE MAXIMUM RATINGS* 
0°C to 70°C 
-65°C to +150°C 


Ambient Temperature Under Bias 


Storage Temperature 


Voltage on Any Pin 
With Respect to Ground -0.5V to +7V 


Power Dissipation 0.6W 


@ Double Density Replacement For Signetics 
2527/2529 
e All Inputs, Outputs and Clocks TTL Compatible 


dynamic storage, these same compatibility features 
are available on the 2048-bit SY2401. Pinouts are 
essentially the same as Signetics’ 2527/2529, allowing 
the user to reduce package count by a factor of two 
with the double density SY2534/SY2535. 


BLOCK DIAGRAM 


512/480 BIT 


REGISTER 
ax | 
CLOCK 


GENERATOR 


TRUTH TABLE 


(0 | Recirculate 


: oil @ Nes _ OV. oa (aes = +5V 


*COMMENT 


Stresses above those listed under ‘‘Absolute Maximum 
Rating’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of 
the device at these or any other condition above those 
indicated in the operational sections of this specifica- 
tion is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect 
device reliability. 


SHIFT 
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REGISTERS 


S SY2534 SY2535 


“OPERATING RANGE: Vcc = +5.0V +5%:0° to 70°C 
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


|____ Description __|__—Test Conditions| Min | Typ | Max 
3.5 


Parameters 


VOH | Output HIGH Voltage Vcc = MIN, low = -100uA 2.4 Volts 
VOL Output LOW Voltage Vcc = MIN, lo, = 1.6mA 0.2 Volts 
VIL Input HIGH Level Guaranteed input logical aie 
. HIGH voltage for all inputs 
VIL Input LOW Level Guaranteed input logical vane 
LOW voltage for all inputs 
Wh Input LOW Current Vcc = MAX, Vin = OV, 
Ta=25°C ee 
Vcc Power Supply f= 1.5 MHz SY2534/2535 mA 


Current (Note 1) f = 3.0 MHz SY2534A/2535A 
Note 1: Power Supply currents are with inputs and outputs open. 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted 


Test Conditions 


Parameters Description 


fmax Maximum Clock Frequency 
tdpwl Clock LOW Time 
thpwH Clock HIGH Time 

tr, tf ‘Clock Rise and Fall Times 

ts (I) Setup Time Ig or 14 Input ty = tf < 25ns 
th (I) Hold Time Io or 14 Input ty = tf < 25ns 
ts (S) Setup Time, S Input ty = tf < 25ns 
th (S) Hold Time, S Input tf < 25ns 

tod Delay Clock to Output 


R| =2.9K, C| =20pF 
LOW or HIGH L bee 


Output Rise and Fall Times 


10% to 90% 
f= 1 MHz 


Note 1: Typical limits are at Vcc = 5.0V, and Ta = 25°C. 
Note 2: This parameter is periodically sampled but not 100% tested. It is guaranteed by design. 


TIMING DIAGRAM 


SV 
CLOCK PULSE 
ov 


Capacitance, Any Input? 


50% 50%, ° 
tdpwH te tAMAX 10% 
. ae 7 ty MAX 


ey ts()MAX 


\/ 


e KAA AKA AAA AAAAAAY AA XK CA AAA AAAKAAAAIA AA KAA AKA AKA A) 
INPUT SRR RK 50% | sO SPSEEERSESGSY Mo OO OOO OOOOOOOOOOOOO OK) 
PCH ay vrarareracererererererereratereteterete eteteteteeeie 


Odo 


<> 


+5 ows 
KAKKAAKAKMKKKXK KKK KKM K KKK KAKA KAKA AAAKRAAAL 9 OO, 0,08, 
INPUTQ XK KK KKK HOKE OOO OOOO a eae DSKSOOOD 
ovX ? is G55 555055 OSX 


So RRR xKKN  rereteretere: 

BV ees t,(SIMAX ts(SIMAX | thiS)MAX 
SELECT X03 55525 DSS IO ex XOX 
OVRRKKRRRRR RRR WCRI KKK KIRIN ESP 


“WRITE DATA FROM 14 WRITE DATA FROM Io 


DEFINITION OF TERMS 


Static Shift Register. A shift register capable of maintaining stored data without continuously being clocked. Most static shift 
registers are constructed with dynamic master and static slave flip-flops. The data is stored dynamically while the clock is HIGH 
and is transferred to the static slaves while the clock is LOW. The clock may be stopped indefinitely in the LOW state, but there 
are limitations on the time it may reside in the HIGH state. 


Setup and Hold Times. The shift register will accept the data present on its input around the time the clock goes from HIGH to 
LOW. Because of variations in individual devices, there is some uncertainty as to exactly when, relative to this clock transition, 
the data will be stored. The setup and hold times define the limits on this uncertainty. To guarantee storing the correct data, the 
data inputs should not be changed between the maximum setup time before the clock transition and the maximum hold time 
after the clock transition. Data changes within this interval may or may not be detected. 
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SY2802A 
SY2803A 
SY2804A 


MEMORY 
PRODUCTS 


1024-Bit Dynamic 
Shift Registers 
Quad, Dual, Single 


Synertek 


@ Synertek ion implanted silicon gate process 
@ 10 MHz data rate—minimum 
@ 5 MHz clock rate 


The SY2802A, 2803A and 2804A 2¢ dynamic 
shift registers utilize I/O multiplexing techniques 
to attain a 10 MHz data rate with a clock rate of only 
5 MHz. The inputs and outputs are bipolar and MOS 
compatible for ease of implementation in a TTL, 
DTL and a high- or low-threshold MOS system. 


Clock power and Vpp current have been significantly 
reduced due to the advantages inherent in an ion 


e TTL, DTL compatible 
e@ Reduced clock capacitance, 85pF 
e@ Reduced power dissipation, 80 uW/bit at 1.0 MHz 


silicon gate design. These savings directly affect the 
cost of the overhead circuitry (clock drivers, power 
supplies) for a shift register memory system. 


The SY2802A, 2803A and 2804A are used effectively 
in applications requiring low cost serial memory such 
as CRT refresh, line and page storage for facsimile 
transmitters and receivers, and character storage for 
high speed printers. 


implanted silicon gate design over a conventional 


PIN CONFIGURATION PIN CONFIGURATION PIN CONFIGURATION 
OUTPUT 1 
NC 
IN 1 


@ 1 


1 
2 
3 
4 
5 
6 
7 
8 


SYP2802A 
SYC2802A 


SYP2803A 


ORDERING INFORMATION SYP2804A 


Package 
Type 
Plastic Dip 
TO Can 
Plastic Dip 
TO Can 
Plastic Dip 
Ceramic Dip 


Order 
Number 


SYP2804A 
SYM2804A 
SYP2803A 
SYM2803A 
SYP2802A 
SYC2802A 


Temperature 
Range 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


Organization 


1024 x 1 
1024 x 1 
512x2 
512 x2 
256 x 4 
256 x 4 


S 
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Ss SY2802A, SY2803A, SY2804A 


ABSOLUTE MAXIMUM RATINGS ' 


Temperature Under Bias 0°C to 70°C Data and Clock Input Voltages 
Storage Temperature ~65°C to +160°C and Supply Voltages with 
Power Dissipation '2) 1 Watt | respect to Vcc +0.5V to ~20V 
NY : 
‘eo a 
- D.C. CHARACTERISTICS T, =0°C to 70°C, Vcc = +5V +5%, unless otherwise specified 
7) 
— Vop = -bV £5% 
oT) DD 9 
LL . (3) 5 Pr 
oc Symbol Test Min. Typ. Max. Unit Conditions 
uy Input Load Current <10 500 nA Ta = 25°C 
ILO Output Leakage Current <10 1000 nA Vout = 0.0V, Ta = 25°C 
ILC Clock Leakage Current 10 1000 nA Max. Vitc, TA = 25°C 
VIL Input ‘‘Low” Voltage Vcc-10 Vcec-4.2 V 
VIH Input ‘“High’’ Voltage Vcc-2 Vect.3 V 


Vpp = —BV +5% 


Ipp1 Power Supply Current 35 40 mA TA =25°C Sutpue a poole “0% 
z Data Rate, 
40% Duty Cycle, 
Continuous Operation, 


IDp2 ~~ Power Supply Current 45 mA Tc =O°C Vitc= Vec-17V 
VILC Clock Input Low Voltage Vcc-17 Vcc-15 V 
VIHC Clock Input High Voltage Vcec-1 Vect.3 V 
VOL Output Low Voltage -.3 0.5 V RL1=3K to Vpp, lot = 1.6 mA 
VOH1 Output High Voitage 2.4 3.5 V ” = 

Driving TTL Riz = 3K to Vpp. |oH = -100HA 
VOH2 Output High Voltage 3 * RL2 = 4.7K to Vpp 

Driving MOS ¥ec=!.6 Vec~1 ” (See p. 4 for connection) 


A.C. CHARACTERISTICS T, =0°C to 70°C; Vec = +5V +5% 


Symbol Test VDD = ~5V #5% Unit 
Min. Max. 
Frequency Clock Rep Rate 5.0 MHz 
Frequency Data Rep Rate Note 1 10.0 MHz 
toPw Clock Pulse Width .O7 10 Msec 
toD Clock Pulse Delay 10 Note 1 nsec 
ty, tr Clock Pulse Transition 1000 nsec 
tow Data Write Time (Set Up) 30 nsec 
tDH . Data To Clock Hold Time 20 nsec 
ta+, ta— Clock To Data Out Delay 90 nsec 


Note 1: Stresses listed under ‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Note 2: The 1 watt dissipation is not to be construed as an operating rating (see note 1). For operating at elevated temperatures 
the device must be derated based as shown on page 4. When operating at Vpp = -5V+5% the maximum duty cycle is 
40%. In applications the duty cycle should be a minimum to reduce power dissipation. Duty cycle = [topw t+ 1/2 
(ta + te)] x clock rate. 


Note 3: Typical values are at Ta = 25°C and at nominal voltages. 
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Ss SY2802A, SY2803A, SY2804A 


CAPACITANCE 2 Vcc = +5V 5%, Vpp = -5V £5%, Ta = 25°C 


Symbol - Test Typ. Max. Conditions 
CIN Input Capacitance 5 pF 10 pF Vin=Vece 
Cout Output Capacitance _ 5 pF 10 pF VouT=Ycc f= 
Cy Clock Capacitance — 70 pF 85 pF | Vo=Vcc nee b 
C9192 Clock to Clock Capacitance 11 pF 16 pF Ve=Vec = 

a 
Note 1: See page 4 for guaranteed curve. ” 
Note 2: This parameter is periodically sampled and is not 100% tested. 
SWITCHING CHARACTERISTICS 
Conditions of Test 
Input rise and fall times: 10 nsec 
Output Load is 1 TTL gate 

| Crotat = 10 pF 

Vop = —5V = 5% D4 
Timing Diagram 
| BIT 1 | BIT 2 | | BIT N | BIT cen BIT N+2 
7 BIT 1 BIT 2 V 
_--— IHC 


IN. BIT 1 IN BIT 2 ——| |= ta >| ta 
DATA OUT 


wean enee awd 


OUT BIT 1 OUT BIT 2 


*toyw and toy same for t92 . D6 
**N = 256 for SY2802A, N = 512 for SY2803A, N = 1024 for SY2804A 
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5 SY2802A, SY2803A, SY2804A 


TYPICAL CHARACTERISTICS 


IX 


- 
oa 
Lu 
j= 
ov 
Oo 
LL 

ase 


POWER DISSIPATION (mW) 
DATA RATE (Hz) 


(948) °° AVIa0 3SI1Nd Y90719 WAW 


10 20 30 40 50 60 70 80 90 100 
AMBIENT TEMPERATURE (°C) D7 AMBIENT TEMPERATURE (°C) D8 


MAXIMUM ALLOWABLE MINIMUM OPERATING DATA RATE 
POWER DISSIPATION OR MAXIMUM CLOCK PULSE DELAY 
VS. TEMPERATURE 


DTL/TTL MOS Interfaces 


3k 


Vec 
SY 2802A/3A/4A 
OUT 


Vec 
SY 2802A/3A/4A 
OUT 


IN IN 


DTL/TTL 


R, Load Resistor Values 
for Different Vpp Supplies 


Vitec Vitc 


D9 
Not 


required 
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SY2825A 
SY2826/7 


MEMORY 
PRODUCTS 


2048 - Bit Dynamic 
Shift Registers 


Synertek® 


@ 6 MH; Data Rate ® Recirculate Gates On Chip 


SHIFT 


The SY2825/26/27 are 2048-bit dynamic shift reg- 
isters designed with Synertek’s ion-implanted silicon 
gate technology. The 2825 is a dual 1024-bit device 
with on-chip recirculate and a load control (LC) 
common to both registers. When LC is HIGH, the two 
registers recirculate data; when LC is LOW new data 
is entered through the data inputs. The SY2826 is 
similar, but each register has two data inputs selected 
by separate input select (IS) signals. The SY2827 is 


CONNECTION DIAGRAMS 


SY2825A SY 2826 


SY 2827 


ORDERING INFORMATION 


Order Package Temperature 
Number Type Range 


SYP2825A Plastic DIP 0 Cito70 Cc 
SYC2825A Ceramic DIP 0°C to 70°C 
SYP2826 Plastic DIP 0°C to 70°C 
SYC2826 Ceramic DIP 0°C to 70°C 
SYP2827 Plastic DIP 0°C to 70°C 
SYC2827 Ceramic DIP 0°C to 70°C 


S Synertek® e 


P.O. Box 552 ° 
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Santa Clara, CA 95052 


a single 2048-bit register with on-chip recirculate and 
a load control. All the devices can drive one standard 
TTL load. The select, load command, and data inputs 
may be driven by TTL signals. Two high-voltage clock 
signals, 61 and @2, are required. Internally, each shift 
register consists of two multiplexed registers so that 
a data shift occurs on each $1 or $2 clock pulse. The 
data rate, therefore is double the frequency of either 
clock signal. 


BLOCK DIAGRAMS 


SY2825A 


1024-BIT 
SHIFT REGISTER 


; 1024-BIT i 
FT REGISTER 


SHI 
2(2) 7(10) Vgg = PIN 5(8) 


VGG = PIN 8(13) 
VDD = PIN 10(15) 


SY 2826 


1024-BIT 
SHIFT REGISTER 
1024-BIT 
SHIFT REGISTER 
2 


10 Vgg=PIN8 
VGG = PIN 13 
a 92 Vpp = PIN 15 


SY 2827 


Dip =e. 
1) SHIFT REGISTER Vgg = Pin3 


VGG = Pin6 
Vpp = Pin 8 


e Telephone (408) 984-8900 e 


TWX: 910-338-0135 


” 
cc 
Ww 
aon 
oe 
O 
Ww 
CZ. 


S Synertek® e 


Ss 


DEFINITION OF TERMS 


Dynamic Shift Register A shift register in which data 
storage occurs on small capacitive nodes rather than 
in bistable logic circuits. Dynamic shift registers must 
be clocked continuously to maintain the charge stored 
on the nodes. | 


1, $2 Thé two clock pulses applied to the register. 
The clock is ON when it is at its negative voltage level 
and OFF when it is at Vss. Data is accepted into the 
master of each bit during one phase and is transferred 
to the slave of each bit during the other phase. 


tgq Clock delay time. The time elapsing between the 
LOW-to-HIGH transition of one clock input and the 
HIGH-to-LOW transition of the other clock input. 
During t$q both clocks are HIGH and all data is 
stored on capacitive nodes. 


topw Clock pulse width. The LOW time of each clock 
signal. During topw one of the clocks is ON, and the 
data transfer between master and slave or slave and 
master occurs. Ss 


SY2825A SY2826/7 


tpt Clock rise and fall times. The time required 
for the clock signals to change from 10% to 90% of 
the total level change occuring. 


ts(D) Dataset-up time. The time prior to the LOW-to- 
HIGH transition of ® during which the data on the 
data input must be steady to be correctly written into 
the memory. 


th(D) Data hold time. The time following rhe LOW- 
to-HIGH transition of ® during which the data must 
be steady. To correctly write data into the register, 
the data must be applied by t.(D) before this transi- 
tion and must not be changed until th(D) after this 
transition. 


tod The delay from a HIGH-to-LOW clock transi- 
tion to correct data present at the register output. 


SWITCHING WAVEFORMS 


BIT 1 BIT 2 


DATA IN 
LC, IS 


IN BIT 1 IN BIT 2 


BIT N BIT N +1 BIT N +2 
BIT 1 BIT 2 


tpd+ aa <_< al <—— tod- 


| VOH: 
DATA OUT 1.5V Fo wy 
: = VOL 


OUT BIT 1 OUT BIT 2 


Clock Rise Time 20ns 
Clock Fall Time 20ns 
Output Load 1 TTL Load 
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ABSOLUTE MAXIMUM RATINGS* 


Storage Temperature.......... -65°C to +150°C 
Temperature (Ambient) 

Under BidS:.c. 3506-0 ane ond -55°C to +125°C 
DC Input Voltage 

with Respect to Vss .......-.. -20V to +0.3V 


OPERATING RANGE 


SY2825A SY2826/7 


*COMMENT 


Stresses above those listed under ‘‘Absolute Maximum 
Ratings’’ may cause permanent damage to the device. 
this is a stress rating only and functional operation of 
the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. 


Vss = +5.0V +5%, VGG = -10.0V to -11.0V, Ta = 0°C to +70°C. 
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


Parameters Description Test Conditions Units 
VOH Output High Voltage IOH = -0.5mMA Volts 
VOL Output Low Voltage lo, = 1.6mA Volts 

Guaranteed input logical High Voltage 
VIH Input High Level Volts 
for all inputs except clocks 
Guaranteed input logical Low Voltage 
VIL Input Low Level Volts 
for all inputs except clocks 
ir Input Leakage Current Vin =-10V, Ta = 25°C nA 
lg Clock Input Leakage Current | Vg = -15V, Ta = 25°C nA 
VoH Clock High Level Volts 
Vol Clock Low Level GG +0.8| Volts 
tee Vgg Current Vgg = 5.25V mA 


Data = 11110000... 


fo = 3.0MHz 


Note: 1. Typical Limits are at Vgs = 5.0V, VGg = -10.5V and 25°C ambient. 


SWITCHING CHARACTERISTICS AND OPERATING REQUIREMENTS OVER OPERATING RANGE 


Data Rate (Note 2) 


fy Clock Frequency 
tod Delay Between Clocks (Note 3) 
topw Clock Low Time tot = 20ns 
tot Clock Rise and Fall Times 10% to 90% 
: Set-Up Time, Data and Select Inputs 
; (See Definitions) 
‘ Hold Time, Data and Select Inputs 
(See Definitions) 
tod Delay, Clock to Data Out C_ = 15pF 
Ci(p) Capacitance, Data Input 
Cis) Capacitance, Select Input or Lc 


Capacitance, Clock Input 


f = 1 MHz, Vin = OV 
All other pins at GND 


Note: 2. The Data Rate is twice the frequency of either clock phase. 
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Lt 


SY2825A SY2826/7 


TRUTH TABLES 


SY2825A and 2827 _ SY2826 


Lc IN OUT DATA ENTERED IS INPUT1INPUT2 | DATA ENTERED 
: L L x L 
H x H 
a L L 
H H H 


FUNCTIONAL EQUIVALENT OF EACH REGISTER 


(Fp) 

x 
pW 
ub 
Io 
Ow 
oO 


H 
X 
X 


BITS 2,4,6... 
N/2 BITS 0 
M S 
- 
DATA INPUT OUTPUT 
; N/2 BITS re) 
M S 
BITS 1, 3,5... Y Y M=MASTER ENABLE 


S =SLAVE ENABLE 
2 


om aT eTePo]*]-]« 
DATA 
a a A HES 


(FOR N = 4) 


Since the two registers shift on opposite clock pulses, a new data bit is entered on both $1 and @2. Data entering 
the register on $1 will appear at the output on $1 (from the negative edge of $1 to the negative edge of $2). 
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1024x1 Dynamic SY1103A-1 
Random Access Memory 


MEMORY 
PRODUCTS 


No precharge clock 

Lower chip enable capacitance—reduces clock 
driver requirements 

Plug-in compatible with 1103 and 1103-1 

145 ns access time 


Synertek’s SY1103A-1 is a fully decoded 1024-bit 
dynamic silicon gate RAM which uses ion implanted 
load devices for superior performance. The 1024 x 1 
organization and the low capacitance cenable signal 
allow for easy expanion in both the word and bit 
directions. The critical precharge clock needed with 
standard 1103 RAMs has been eliminated in the 
SY1103A-1 design. System timing requirements have 
been further simplified by the incorporation of on- 
chip address holding registers which allow address 
stable timing to be only a small portion of the mem- 
ory cycle. Memory refresh is required every 1 milli- 


PIN 
CONFIGURATION 


R/W 
Vss 
CENABLE 
Ag 


Oo OAT ANP WN — 


ORDERING INFORMATION 


Order Package 
Number Type 


SYP1103A-1 Plastic Dip 
SYC1103A-1 Ceramic Dip 


Temperature 
Range 


0°C to + 70°C 
0°C to + 70°C 


Ss 
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@ 10-bit address register on-chip 
@ Simple memory expansion 

@ NDRO operation 

@ OR-tie capability 


second and can be readily accomplished by sequencing 
through the 32 combinations of address lines Ag 
through Aq. Readout is non-destructive and the D out 
line may be directly OR tied, reducing the number of 
sense amplifiers needed at the system level. 


The high speed, ease of use, and low cost of the 
SY1103A-1 permit its use in a wide range of computer, 
minicomputer, and peripheral systems. 


The SY1103A-1 is manufactured with ion implanted 
silicon gate technology which provides a dramatic 
improvement in features and functional density over 
standard MOS processes. 


PIN NAMES 


Din _—s«@DATA INPUT NC 
(See Note 2, Page 3) 


Ag-Ag ADDRESS INPUTS ||CE = CHIP ENABLE 
R/W READ/WRITE Dout DATA OUTPUT 


BLOCK DIAGRAM 


NO EXTERNAL CONNECTION 
REQUIRED 


329 MEMORY MATRIX: 
32 ROWS 


READ/ 


WRITE 
32 COLUMNS 
AMPLIFIERS (1024 BITS) 


REFRESH 
AMPLIFIERS 
READ/WRITE 
COLUMN 
GATING 
bi: cea 
‘ss 0-———> 
Vpn Oo 
DD COLUMN 


CENABLE O0———— SELECTOR 


READ/WRITE 0————~ 
AND INVERTERS 


LOGIC 0 = HIGH VOLTAGE 
LOGIC 1 = LOW VOLTAGE 


As Ag A7 Ag Ag 
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5 SY1103A-1 


Absolute Maximum Ratings* 


Temperature Under Bias ...........-...0.. 0°C to 70°C —Aill Input or Output Voltages with Respect to the 
Storage Temperature ............-0000. 65°C to +150°C most Positive Supply Voltage, VpR ....-.. -25V to 0.3V 
Supply Voltages Vpp and Vss with Respect to Vpp . ~-25Vto0.3V Power Dissipation ... 10... 2... eee eee ee ens 1.0W 


*COMMENT: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


D.C. and Operating Characteristics 
T4 = O°C to +55°C, Vggl!] = 19V « 5%, (Vpp - Vgg)l2! = 3V to 4V, Vpp = OV unless otherwise specified. 


0 


VoH2 Output High Voltage 
Output Low Voltage See Note Three 


NOTES: 
1. The Vgg current drain is equal to (Ipp + Ipq).- 
2. (Vpp- Vss) supply should be applied at or before Vg. 


3. The output current when reading a low output is the leakage current of the SY1103A-1 plus external noise coupled into the output line 
from the clocks. Voy equals Iz across the load resistor. 


4. This value of load resistance is used for measurement purposes. In applications the resistance may range from 1002 to 1 ko. 


WRITE CYCLE OR READ/WRITE CYCLE 


Timing illustrated for minimum cycle. 


ORt 
twoy?*® tRwc tac 


@ 
ADDRESS x ea». ADDRESS CAN CHANGE <a ADDRESS STABLE 


CENABLE 
Vit , 
wc we 
Vin 
READ/WRITE 
Vit © 
’ ‘DH 
1H 


| 
DATAIN y DATA CAN CHANGE a DATA CAN CHANGE 
iL 


V ————_—_—__ 
s@o SOR: -——<- D NOT VALID 
Vv 
OL eae 
Dout VALID 
“KCC 

VREF = 80mV 
NOTES: RLOAD = 1002 

CLOAD = 50pF 

ty is defined as the transition between these two points. 
Vog- 2V 


tpw is referenced to point ® of the rising edge of cenable or Read/Write, whichever occurs first. 
tpy is referenced to point Q) of the rising edge of cenable or Read/Write, whichever occurs first. 


OOOO 
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5 SY1103A-1 


A.C. Characteristics 
READ, WRITE, AND READ/WRITE CYCLE 


es 
Tixc | Atos teenie seUptine 8 
: 


TAC 
Cenable Off Time ) fe anae *) 


tre 00 
Cenable on Time 140 500 


ADDRESS TO OUTPUT ACCESS 


CLOAD = 50pF;RLOAD = 1002 
VREF = 80mV 


f= 1 MHz. All 


unused pins are 
Cenable = 0V 


VIN = VSs 


at A.C. ground. 
Vpp = Vss t 3V. 


ance 


Dummy Clock Capacitance 12 18 


NOTES: 1. These parameters are periodically sampled and are not 100% tested. They are measured at worst case operating conditions. 
2. When mixing SY1103A-1 in 1103-1 system, this load will preserve system clock timing. 


READ CYCLE 
t 
Yin ADDRESS — 
ViH 
CENABLE 
VIL 
wc ey 
Vin 
READ/WRITE 
Vin VapRr = 80mv 
D . Cc = 50pF 
OUT ye q LOAD 
Dout VALID 
ACC 
NOTES: 


ty is defined as the transition between these two points. 
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1024 x 1 Dynamic SY1103A-X 


Random Access Memory 


MEMORY 
PRODUCTS 


Synertek®” 


No precharge clock 

Lower chip enable capacitance 
driver requirements 

Plug-in compatible with 1103-X & 1103-1 
teo = 90 ns 


- reduces clock 


Synertek’s SY1103A-X is a fully decoded 1024-bit 
dynamic silicon gate RAM which uses ion implanted 
load devices for superior performance. The 1024 x 1 
organization and the low capacitance cenable signal 
allow for easy expansion in both the word and bit 
directions. The critical precharge clock needed with 
standard 1103 RAMs has been eliminated in the 
SY1103A-X design. System timing requirements 
have been further simplified by the incorporation of 
on-chip address holding registers which allow address 
stable timing to be only a small portion of the 
memory cycle. Memory refresh is required every 
1 millisecond and can be readily accomplished by 


PIN CONFIGURATION 


CENABLE 
A4 


DouT 


ORDERING INFORMATION 


Order 
Number 


SYP1103A-X 
SYC1103A-X 


Temperature 
Range 
0°C to 70°C 
0°C to 70°C 


Package 
Type 
Plastic DIP 
Ceramic DIP 


@ 10-bit address register on-chip 
@ Simple memory expansion 

® NDRO operation 

@ OR-tie capability 


sequencing through the 32 combinations of address 
lines Ag through Aq. Readout is non-destructive and 
the Doyt line may be directly OR tied, reducing the 
number of sense amplifiers needed at the system level. 


The high speed, ease of use, and low cost of the 
SY1103A-X permit its use in a wide range of com- 
puter, Minicomputer, and peripheral systems. 


The SY1103A-X is manufactured with ion implanted 
silicon gate technology which provides a dramatic 
improvement in features and functional density over 
standard MOS processes. 


PIN NAMES 


NC No External Connection 
Required 
(See Note 2, Page 3) 
Chip Enable 
Data Output 


DIN Data Input 


Ag-Ag Address Inputs | CE 
R/W Read Write | DouT 


BLOCK DIAGRAM 
i =a 
AND ROW WRITE 
INVERTERS SELECTOR AMPLIFIERS 


v88 O-——————> 
Vss O-——— > 
Vvoo O—————> 1 OF 32 
COLUMN 
CENABLE O-—————Sa> SELECTOR 
READ/WRITE O———————> 


MEMORY MATRIX 
32 ROWS 
32 COLUMNS 
(1024 BITS) 


REFRESH 
AMPLIFIERS 
READ/WRITE 
COLUMN 
GATING 


LOGIC 0 = HtGH VOLTAGE 
LOGIC 1 = LOW VOLTAGE 


As Ag AZ Ag Ag 


TWX: 910-338-0135 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 0°C to 70°C 
Storage Temperature 65°C to +150°C 
Supply Voltages Vpp and Vss 

with respect to Vpp -25V to 0.3V 
All Input or Output Voltages with 

Respect to the most Positive 

Supply Voltage, Veg -25V to 0.3V 
Power Dissipation 1.0W 


D.C. AND OPERATING CHARACTERISTICS 


SYTI03A-X 


*COMMENT 


Stresses above those listed under ‘‘Absolute Maximum 
Ratings’” may cause permanent damage to the device. 
This is a stress rating only and functional operation of 
the device at these or any other conditions above 
those indicated in the operational sections of the 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


| TA= 0°C to 70°C, Vssl1] = 19V +5%, (VBR - Vg) [2] = 3V to 4V, Vpp = OV unless otherwise specified. 


Conditions 
Mol Input Load Current (All Input Pins) 10 VIN =OV 
ILO Output Leakage Current 10 VOUT = 0V 
IBB VBB Supply Current 100 
IDD1 Supply Current During Cenable On 11 Cenable = OV; Tp = 25 C 
IpDD2 Supply Current During Cenable Off 0.5 Cenable = Vss; Ta = 25°C 
IDDAV | Average Supply Current 25 Cycle Time = 300ns; Ta = 25°C 
VIL Input Low Voltage Vpp-1 Vppt1 
VIH Input High Voltage Vss-1 Vsst1 
IOH1 Output High Current 2200 4500 7000 TA = 25°C 
IOH2 ~.| Output High Current 2000 4000 7000 TA = 70°C 
IOL Output Low Current See Note Three RLoap/4! = 1002 
VOH1_ | Output High Voltage 220 450 700 TA=25°C 
VOH2 | Output High Voltage 200 400 700 Ta = 70°C 
VOL Output Low Voltage See Note Three 
NOTES: 


. The Vsg current drain is equal to (Ipp + Ioy). 
. (VgB - Vss) supply should be applied at or before Vgs. 


. The output current when reading a low output is the leakage current of the SY1103A-X plus external noise coupled into 


the output line from the clocks. Vo, equals !Q 1 across the load resistor. 


4. 


This value of load resistance is used for measurement purposes. In applications the resistance may range from 10082 to 1 kQ. 


WRITE OR READ/WRITE CYCLE Timing illustrated for minimum cycle. 


VIH 
ADDRESS 


CENABLE 


READ/WRITE 


DATA IN 


DouTt 


tACC 


' NOTES: 


1 


& WN 


Vpot+ 2V 


tT is defined as the transition between these two points. 
Vss - 2V 
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2 
ADDRESS 
| taste D 
Tn 
<-> 


[cameo 


tow is referenced to point 1 of the rising edge of cenable or Read/Write, whichever occurs first. 
tDH is referenced to point 2 of the rising edge of cenable or Read/Write, whichever occurs first. 


twcy OR tRwc 


TAC 


ADDRESS 


ADDRESS CAN CHANGE STABLE 


4 


4 
‘DH 


DATA CAN CHANGE 


D NOT VALID 
cee 


DouTt VALID 
VREF = 150mV 


RLOAD = 10022 
CLOAD = 5OpF 


S SY1103A-X 


A.C. CHARACTERISTICS 
READ, WRITE, AND READ/WRITE CYCLE 


Conditions 


Time Between Refresh 
Address to Cenable Set Up Time 
Address Hold Time 
Cenable Off Time 


Conditions 


Read Cycle 


tcv Cenable on Time 110 500 ns CLOAD = bOpF 
tco Cenable Output Delay RLOAD = 10022 
tacc |ADDRESS TO OUTPUT ACCESS 110(3) tAC min. VREF = 150mV 


+tco +1tT(2Ons) 


WRITE CYCLE OR READ/WRITE CYCLE 


Conditions 


300(3) 
300(3) 


Write Cycle 


tRWC Read/Write Cycle 

tcw Cenable to Read/Write Delay 110 

twp Read/Write Pulse Width 20 

tw Read/Write Set Up Time 20 

tow Data Set Up Time 40 

tDH Data Hold Time 10 . _ : 

tco Output Delay LOAD = S0PF; RLOAD = 10082 
; VREF = 150mV 

twec Read/Write to Cenable 


CAPACITANCE Ta, = 25°C 


Symbol Conditions 


Typ Plastic Ceramic eink 
ni 
Plastic Pkg Max Pkg Max 


Address Capacitance VIN= VSS 


f = 1MHz. All 
CcE Cenable Capacitance VIN= VSS ipeeceie aan 
Crw Read/Write Capacitance ViN=Vss ie 
CIN Data Input Capacitance Cenable = OV te 
Veep =Vsst 3V. 
VIN = VSs 
CIN2 Data Input Capcitance Cenable = Vss 
CoutT | Data Output Capacitance VouT = 0V 


2 CPIN 5] Dummy Clock Capacitance 


NOTE: 1. These parameters are periodically sampled and are not 100% tested. They are measured at worst case operating 
conditions. 
2. When mixing SY1103A-X in 1103-X system, this load will preserve system clock timing. 
3. If ty is reduced to 10ns, these parameters will change accordingly (tacc = 100ns). 
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LS] SY1103A-X 


READ CYCLE 
2 |<——_—___—_—______——-trc 
VIH = 
ADDRESS ee pariay { ADDRESSCANCHANGE ~—) CAN CHANGE AT cack MEE ADDRESS STABLE 
VIL 
1 -w>| tAC 
VIH 
CENABLE 
VIL 
ae ea —_—___—_» 
VIH 
READ/WRITE \, 
VREF = 150mV 
RLOAD = 10022 
van 4 . CLOAD = 50pF 
D 
OUT vo, 
— DouT VALID 
<——__—-—— tacc —_—___—__» 
NOTES: 
1 Vpp+2Vv 


try is defined as the transition between these two points. 
2 Vss-2V } iu ‘ 


PACKAGE DIAGRAM 


CERAMIC PACKAGE PLASTIC PACKAGE 
Pear A 


(.280) 
PIN NO. 1 ] { 920} 
IDENT, (.890) 


(.150) 


0125) - 3 
A (080) Liebe : » T658) 
(.020) (.320) ‘ 
“"TF50)° .032 REF. 


.032 REF. 


— Synertek® e P.O. Box 552 e Santa Clara, CA 95052 e Telephone (408) 984-8900 e TWX: 910-338-0135 
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SY2101 


MEMORY 
PRODUCTS 


256x4 Static 
Random Access Memory 


Synertek® 


256x4 Organization to Meet Needs For Small Sys- 
tem Memories 

Access Time — 250/350/450/500/ns 

Single +5V Supply Voltage 

Directly TTL Compatible — All Inputs and Outputs 
Static MOS — No Clocks or Refreshing Required 
Simple Memory Expansion — Two Chip Enable 
Inputs 


The SY2101 is a 256 word by 4 bit static random 
access memory element using N-channel MOS devices 
integrated on a monolithic array. It uses fully DC 
stable (static) circuitry and therefore requires no 
clocks or refreshing to operate. The data Is read out 
nondestructively and has the same polarity as the in- 
put data. 


The SY2101 is designed for memory applications 
where high performance, low cost, large bit storage, 
and simple interfacing are important design objectives. 


It is directly TTL compatible in all respects: inputs, 
outputs, and a single +5V supply. Two Chip Enables 
allow easy selection of an individual package when 
outputs are OR-tied. An output disable is provided 


PIN CONFIGURATION 


ORDERING INFORMATION 


Inputs Protected — All Inputs Have Protection 
Against Static Charge 

Low Cost Packaging — 22 Pin Plastic Dual-In-Line 
Configuration 

Low Power — Typically 150 mW 

Three-State Output — OR-Tie Capability 

Output Disable Provided For Ease of Use in 
Common Data Bus Systems 


so that data inputs and outputs can be tied for com- 
mon I/O systems. Output disable is then used to eli- 
minate any bi-directional logic. 


The SY2101 is fabricated with N-channel ion im- 
planted silicon gate technology. This technology 
allows the design and production of high-performance, 
easy-to-use MOS circuits and provides a higher func- 
tional density on a monolithic chip than either con- 
ventional MOS technology or N-channel silicon gate 
technology. 


Synertek’s ion implanted silicon gate technology also 
provides excellent protection against contamination. 
This permits the use of low cost plastic packaging. 


BLOCK DIAGRAM 


CELL ARRAY 
32 ROWS 
32 COLUMNS 


Order 
‘Number 
SYP2101-1 
SYC2101-1 
SYP2101A-2 
SYC2101A-2 
SYP2101A 
SYC2101A 
SYP2101A-4 
SYC2101A-4 


S Synertek® 


Package 
Type 

Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 


P.O. Box 552 


Temperature 
Range 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 


DIN 


Ao- 


R/W 
CE1,CE2 CHIP ENABLE 


Santa Clara, CA 95052 


© = PIN NUMBERS 


PIN NAMES 


OUTPUT DISABLE 
DATA OUTPUT 
POWER (+5V) 


DATA INPUT OD 
A7 ADDRESS INPUTS DOUT 
READ/WRITE INPUT Vcc 


e Telephone (408) 984-8900 e TWX: 910-338-0135 
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ABSOLUTE MAXIMUM RATINGS 


Ambient Temperature Under Bias 0°C to 70°C 
Storage Temperature ~65°C to +150°C 
Voltage On Any Pin With 

Respect to Ground -0.5V to +7V 
Power Dissipation 1 Watt 


D.C. AND OPERATING CHARACTERISTICS 


SY2101 


COMMENT: 


Stresses above those listed under ‘‘Absolute Maximum 
Rating’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation 
of the device at these or at any other condition above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


TA =0°C to 70°C, Vcc = 5V +5% unless otherwise specified. 


2101A-2 
2101A, 2101A-4 


[win [ tye.) [mox. [ min. [Ty0.(0] ma. | 


NOTE: 1. Typical Values are for T, = 25°C and nominal supply voltage. 


Symbol Parameter Test Conditions 


Input Current 
1/O Leakage Current(2) 
1/O Leakage Current(2) 


Vin =0 to 5.25V 

CE =2.2V, VouT = 4.0V 
CE = 2.2V, VouT = 0.45V 
VIN = 5.25V, IQ =OmA 
Ta = 25°C 

VIN = 5.25V, 19 =OmA 
Ta =O0°C 


ILOH 
ILOL 


lcc1 | Power Supply Current 


lcc2 | Power Supply Current 


VIL 
VIH 


Input Low Voltage 
Input High Voltage 
lot = 3.2mA 


Output Low Voltage 
(lo_ = 2.0mA 2101-1) 


VOL 


Output High Voltage 


VOH IOH = -150uA 


2. Input and Output tied together. 


A.C. CHARACTERISTICS — SY2101-1 
TA =0°C to 70°C, Vcc = 5V £5% unless otherwise specified. 


Read Cycle 


Symbol 
READ CYCLE 


tA Access Time ns 
tco Chip Enable To Output ns 
tOoD Output Disable To Output ns 
tpFl1] Data Output to High Z State ns 


Previous Data Read Valid after change of Address 


WRITE CYCLE 
tWCY Write Cycle ns 
tAW Write Delay ns 
tcw Chip Enable To Write ns 
tpw Data Setup ns 
tDH Data Hold ns 
twp Write Pulse ns 
tWR Write Recovery ns 
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LS SY2101 


A.C. CHARACTERISTICS — SY2101A-2 
TA =0°C to 70°C, Vcc = 5V +5% unless otherwise specified. 


READ CYCLE 
tRCY Read Cycle 250 ns 
tA Access Time 250 ns 
tco Chip Enable To Output 130 ns 
toD Output Disable To Output 100 ns 
tort] Data Output to High Z State 0 100 ns 
tOH Previous Data Read Valid after change of Address 0 ns 

WRITE CYCLE 
twCcy Write Cycle ns 
tAW Write Delay ns 
tcw Chip Enable To Write ns 
tpw Data Setup ns 
tDH Data Hold ns 
twp Write Pulse ns 
twR Write Recovery ns 


A.C. CHARACTERISTICS — SY2101A 
TA = 0°C to 70°C, Vcc = 5V £5% unless otherwise specified. 


READ CYCLE 


Read Cycle ns 
tA Access Time ns 
tco Chip Enable To Output ns 
toD Output Disable To Output ns 
tpg ll Data Output to High Z State ns 

Previous Data Read Valid after change of Address ns 


WRITE CYCLE 


Write Cycle 


tAW Write Delay ns 
tcw Chip Enable To Write ns 
tow Data Setup ns 
tDH Data Hold ns 
twp Write Pulse 


Write Recovery 


NOTE: 1 tpg is with respect to the trailing edge of CE1, CE2, or OD, whichever occurs first. 
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SS SY2101 


A.C. CHARACTERISTICS — SY2101A-4 
TA = 0°C to 70°C, Vcc = 5V +5% unless otherwise specified. 


Symbol | Parameter | Min | Max. | Unit 


READ CYCLE 


Read Cycle 


tA Access Time ns 
tco Chip Enable To Output ns 
toD Output Disable To Output ns 

Data Output to High Z State ns 


Previous Data Read Valid after change of Address 


WRITE CYCLE 


Write Cycle 
tAW Write Delay ns 
tcw Chip Enable To Write ns 
tow Data Setup ns 
tDH Data Hold ns 


Write Pulse 
Write Recovery 


ns 


A.C. CONDITIONS OF TEST 2101A-2. 2101A 2101A-4 2101-1 

Input Pulse: Levels®) 2.6 224 Gu see Be and eee eee eS +0.8V to2.00V ............ +0.65V to 2.2V 
Input Pulse Rise & Fall Times: ... 2... 0.0... ee eee ee es MM OTISs Se 55 Zensen terse hod Scania ee 10ns 

Timing Measurement Reference Level: Inputs: ............... TON ecient Ge neat ee eats 1.5V 
| Outputs: ......... OSB CeO dca he hk ote So ucetd 0.8V & 2.0V 

Oumut Load 4 63s woe eat eewad wk Sey 1 TTL Gate& Cy =100pF .... 1TTL Gate & CL = 100pF 


CAPACITANCE Ta = 25°C, f = 1MHz 


Input Capacitance (All Input Pins) Vjjy = OV 
Output Capacitance VOUT = OV 
TIMING DIAGRAMS 
READ CYCLE WRITE CYCLE 


CE1 CEi 
CE2 CE2 
(2) 
oD tOH OD 
(COMMON 1/0) (3) 


(1) 
ta a— tDF 


DATA DATA OUT DATA 
OUT VALID IN 
NOTES: 1. tor is with respect to the trailing edge of CET, CE2, or OD, whichever occurs first. 
2. During the write cycie, OD is a logical 1 for common I/O and “‘don't‘care”’ for separate 
1/O operation. R/W 
3. OD should be tied low for separate I/O operation. 


— | Synertek® e P.O. Box 552 e Santa Clara, CA 95052 e Telephone (408) 984-8900 e TWX: 910-338-0135 
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256x4 Static SY21H01 


Random Access Memory 
MEMORY 
PRODUCTS 


Synertek® 


256x4 Organization to Meet Needs for Small System 
Memories 

Access Time — 175/200 ns 

Single +5V Supply Voltage 

Directly TTL Compatible — All Inputs and Outputs 
Static MOS — No Clocks or Refreshing Required 
Simple Memory Expansion — Two Chip Enable 
Inputs 


The SY21H01 is a 256-word by 4-bit static random 
access memory element using N-channel MOS devices 
integrated on a monolithic array. It uses fully DC 
stable (static) circuitry and therefore requires no 
clocks or refreshing to operate. The data is read out 


nondestructively and has the same polarity as the 


input data. 


The SY21HO1 is designed for memory applications 
where high performance, low cost, large bit storage, 
and simple interfacing are important design objectives. 


It is directly TTL compatible in all respects: inputs, 


outputs, and a single +5V supply. Two Chip Enables 
allow easy selection of an individual package when 


PIN CONFIGURATION 


ORDERING INFORMATION 


Order Package 
Number Type 


SYP21HO1 Plastic DIP 
SYC21H01 Ceramic DIP 
SYP21H01-2 Plastic DIP 
SYC21H01-2 Ceramic DIP 


Temperature 
Range 
0°C to 55°C 
O°C to 55°C 
O°C to 55°C 
0°C to 55°C 


S Synertek® ® 


P.O. Box 552 @ 


Santa Clara, CA 95052 e 
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Inputs Protected — All Inputs Have Protection 
Against Static Charge 

Low Cost Packaging — 22 Pin Plastic Dual-In-Line 
Configuration 

Three-State Output — OR-Tie Capability 

Output Disable Provided for Ease of Use in Com- 
mon Data Bus Systems 


outputs are OR-tied. An output disable is provided so 
that data inputs and outputs can be tied for common 
1/O systems. Output disable is then used to eliminate 
any bi-directional logic. 


The SY21H01 is fabricated with N-channel ion implan- 
ted silicon gate technology. This technology allows 
the design and production of high performance, easy- 
to-use MOS circuits and provides a higher functional 
density on a monolithic chip than either conventional 
MOS technology or N-channel silicon gate technology. 


Synertek’s ion implanted silicon gate technology also 
provides excellent protection against contamination. 
This permits the use of low cost packaging. 


BLOCK DIAGRAM 


ili 


ROW CELL ARRAY 


ass 32 ROWS 
> SEEECL 32 COLUMNS 


lelololele 


iti 


[ese eras 
COLUMN I/O CIRCUITS 
COLUMN SELECTOR 


elo le 


@ = PIN NUMBERS 


PIN NAMES 


DIN DATA INPUT OD 
Aop-A7_ ~+ADDRESS INPUTS DouT 


OUTPUT DISABLE 
DATA OUTPUT 
POWER (+5V) 


R/W READ/WRITE INPUT Vcc 
CE1,CE2 CHIP ENABLE 


Telephone (408) 984-8900 e 


TWX: 910-338-0135 


a 


ABSOLUTE MAXIMUM RATINGS 


Ambient Temperature Under Bias O°C to 55°C 
Storage Temperature -65°C to +150°C 
Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 
Power Dissipation 1 Watt 


D.C. CHARACTERISTICS 


SY21HO1 


COMMENT: 


Stresses above those listed under ‘‘Absolute Maximum 
Rating’’ may cause permanent damage to the device. 
This is a stress rating only. and functional operation of 
the device at these or at any other condition above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute. 
maximum rating conditions for extended periods may 
affect device reliability. 


Ta =0°C to +55°C, Voc = 5V +5% (Unless Otherwise Specified) 


Iu Input Current 


1/O Leakage Current[2] 


ee 
10 MA 


Test Conditions 


Vin = 0 to 5.25V 

CE = 2.2V, Vout = 4.0V 
CE = 2.2V, Vout = 0.45V 
Vin = 5.25V, lo = OmA 
Ta =25°C 


VIN = 6.25V, lo =OmA 
Tx =OC 


MA 


lo. =3.2mA 
loy =~ 150A 


ILOH 

ILOL 1/O Leakage Currentl2] 

lec Power Supply Current 

lcc2 Power Supply Current 

Vib Input “Low” Voltage 

Vin Input “High” Voltage 

VoL Output “Low” Voltage 

VoH Output ‘’High”’ Voltage 

NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage. 


2. Input and Output tied together. 


A.C. CHARACTERISTICS — SY21H01 


Ta =0°C to 55°C, Voc = 5V +5% unless otherwise specified 


Symbol 


READ CYCLE 


Read Cycle 


ta Access Time 

tco Chip Enable to Output 

top Output Disable to Output 
tor [1] Data Output to High Z State 


Previous Data Read Valid 
after change of Address 


WRITE CYCLE 

twcy Write Cycle 

taw Write Delay 

tow Chip Enable to Write 
tow Data Setup 

tpH Data Hold 

twp Write Pulse 


twrR Write Recovery 


ns 
ns 
ns 
ns 


Ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


NOTES: 1. tpfF is with respect to the trailing edge of CE1, CE2, or OD, whichever occurs first. 
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SY21HO1 


A.C. CHARACTERISTICS — SY21H01-2 
TA =0°C to +55°C, Voc = 5V +5% unless otherwise specified. 


READ CYCLE 

tRCY Read Cycle 

ta Access Time 

tco Chip Enable to Output ns 

top Output Disable to Output ns 

tor l1] Data Output to High Z State ns 
Previous Data Read Valid 

tOoH ns 


after change of Address 


WRITE CYCLE 


Write Cycle 


taw Write Delay ns 
tcw Chip Enable to Write ns 
tow Data Setup ns 
tou Data Hold ns 
twp Write Pulse ns 


Write Recovery 


NOTE: 1.tpf is with respect to the trailing edge of CE1, CE2, or OD, whichever occurs first. 


A.C. CONDITIONS OF TEST 


MIPU PUISC-MEVElSS. 4.5.3 acy iree fetta Bar aha ae ares A agente Ata ds ance sees hk ta es oe SR deena BE See +0.8V to 2.0V 
InDUEPUISe Rise Gir dll FiMeS?- cate a eceenat asad e otis dah at Gs eon ee ee ae ee ae ae BES Sie eg ares 10 ns 
Timing Measurement PPR” a scat aor eek Si ois Ga Ned es eg aes earache ey ae Se eee dg, S hohe dle tee ges 1.5V 
Reference Level CVU. ge are ss idan eg Sa tn ca ta ce ade Meo rar etn one eee ee Se 0.8V & 2.0V 
OEE ACE? hoa cath ia See haan yah a gy GPE see MES Sa ees io de ae SR ee rN eS ans 1 TTL Gate & Cy = 100 pF 


CAPACITANCE T, = 25°C, f= 1MHz 


Input Capacitance (All Input Pins) Viny = OV 
Output Capacitance Vout = OV 


NOTE: This parameter is periodically sampled and not 100% tested. 


TIMING DIAGRAMS 
READ CYCLE WRITE CYCLE 


CE2 CE2 
(COMMON 1/0) (3) 


tRCY 


DATA DATA OUT DATA 
OUT VALID IN 


NOTES: 1. tpg is with respect to the trailing edge of CE1, CE2, or OD, whichever occurs first. 
2. During the write cycle, OD is a logical 1 for common I/O and ‘‘don’t care” for separate 
1/O operation. R/W 
3. OD should be tied low for separate I/O operation. 


U) 


SY21HO1 


PACKAGING DIAGRAM 
CERAMIC PACKAGE PLASTIC PACKAGE 


EB (1.100) 2 
(1.055) f 
(.450) \ 
- (360) 
| { 360) 
= 7 ( 340) 
' PINNO 1___ | 
PINNO. 1 IDENT tes a 
IDENT. (.380) (.400) 
* (290) (.380) 
i} 
~ 
} ( 145) ' 
(1120) 
case A? ( 120) (.410) 
(1090) i 390) 
(.065) le (.120) 
(.040) | | (.080) | 469) 
(020) 
(015) 
! { 008) 
' (500 
i (015) tag an ne 
Ss 
(008) 
(.110) 1.021) | {.150) (420) 
| I (.090) (.015) {.125) = (390) 


— | Synertek® P.O. Box 552 e Santa Clara, CA 95052 e = Telephone (408) 984-8900 ¢e TWX: 910-338-0135 
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Synertek” 


@ Single +5 Volt Operation 
@ Directly TTL Compatible 
@ Standby Power Mode 


The 2102 family is a series of 1024 word by one bit 
static random access memory devices fabricated using 
Synertek’s silicon gate technology. It uses fully DC 
stable (static) circuitry and therefore requires no clocks 
or refreshing to operate. The data is read out nonde- 
structively and has the same polarity as the input data. 


The 2102 family is designed for memory applications 
where high performance, low cost, large bit storage, 
and simple interfacing are important design objectives. 


PIN CONFIGURATION 


L_J DATA OUT 


DIN Data Input 
Ag-Ag Address Inputs 
R/W Read/Write Input 


Chip Enable 
Data Output 
Power (+5V) 


ORDERING INFORMATION 


Temperature 
Range 


O0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 


Order Package Access 
Number Type Time 


SYP2102A-2 Plastic DIP 250nsec No 
SYC2102A-2 Ceramic DIP 250nsec No 
SYP2102A-4 Plastic DIP 450nsec No 
SYC2102A-4 Ceramic DIP 450nsec No 
SYP2102-1 Plastic DIP 500nsec No 
SYC2102-1 Ceramic DIP 500nsec No 
SYP2102-1L Plastic DIP 500Onsec Yes 
SYC2102-1L Ceramic DIP 500nsec Yes 
SYP2102-6 Plastic DIP 650nsec No 


S Synertek® ° 


Standby 


P.O.Box552_ ® 


1024x1 Static Random 
Access Memory 


Santa Clara, CA 95052 e 
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SY2102 


MEMORY 
PRODUCTS 


e@ 3-State Outputs 
@ Low Power Dissipation 


A low standby power version is also available. It has 
all the same operating characteristics of the 2102-1 
with the added feature of 35mW maximum power 
dissipation in standby and 174mW in operations. 
The family is directly TTL compatible in all respects: 


inputs, output, and a single +5 volt supply. A separate 
chip enable (CE) lead allows easy selection of an 
individual package when outputs are OR-tied. 


BLOCK DIAGRAM 


CELL 
ARRAY 
SELECTOR 32 ROWS 


32 COLUMNS 


COLUMN I/O CIRCUITS 


COLUMN SELECTOR 


© pin numBers 


TRUTH TABLE 


NOT SELECTED 


L WRITE “0” 
H WRITE “1 


DOUT READ 


Telephone (408) 984-8900 e TWX: 910-338-0135 


J-10K-11/77 


Ss SY2102 


ABSOLUTE MAXIMUM RATINGS COMMENT 

Ambient Temperature Under Bias -0°C to 70°C Stresses above those listed under ‘‘Absolute Maximum 

Storage Temperature -65°C to +150°C Rating’’ may cause permanent damage to the device. 

Voltage On Any Pin This is a stress rating only and functional operation of 
With Respect To Ground -0.5V to +7V the divice at these or at any other condition above 

Power Dissipation 1 Watt those indicated in the operational sections of this 


specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods 
may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 
Ta =0°C to 70°C, Voc = 5V +5% unless otherwise specified. 


2102-1, 2102-1L 


2102A-4 2102A-2 2102A-6 
Limits Limits Limits 
Symbol Parameter Min. Typ. Max.| Min. Typ. Max. Min. Typ. Max. Test Conditions 
Why Input Load Current VIN = 0 to 5.25V 
LOH Output Leakage CE = 2.0V, 
Current VouT = VOH 
LOL | Output Leakage CE = 2.0V, 
Current VouT = 0.4V 
Icc Power Supply All Inputs = 5.25V, 
Current Data Out Open, 
Ta =0°C 
VIL Input Low Voltage 
ViH Input High Voltage 
VOL Output Low Voltage ; : : lot = 2.1mA 
VOH Output High Voltage . : : IOH = 100uA 


STANDBY CHARACTERISTICS — 2102-IL 
TA =0°C to 70°C 


Limits 
Parameter Min. Typ. Max. 
1.5 Vv 


Test Conditions 


Vpp Vcc in Standby 

Vces(1) CE Bias in Standby 2.0 Vv 2.0V < Vpp < Vcc Max 
1.5V < Vppop < 2.0V 

IPp1 Standby Current All Inputs = Vpp1 =1.5V 

Ipp2 Standby Current All Inputs = Vpp9 = 2.0V 

tcp Chip Deselect to Standby Time 


tp (2) Standby Recovery Time 


STANDBY 
WAVEFORMS 


NOTES: 

1. Consider the test conditions as shown: if the standby voltage (Vpp) is between 5.25V (Vcc Max.) and 2.0V, then CE 
must be held at 2.0V Min. (V4}4). If the standby voltage is less than 2.0V but greater than 1.5V (Vpp Min.), then CE and standby 
voltage must be at least the same value or, if they are different, CE must be the more positive of the two. 

2. tk = tac (READ CYCLE TIME). 
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Lot 


A.C. CHARACTERISTICS Ty =0°C to 70°C, Vcc = 5V +5% unless otherwise specified. 
READ CYCLE 


2102A-2 
Limits (ns) 
Min. Max. 


2102-1, 2102-1L 
Limits (ns) 
Min. Max. 


2102A-4 
Limits (ns) 
Min. Max. 


2102A-6 
Limits (ns) 
Min. Max. 


Symbol Parameter 


Read Cycle 


ta Access Time 650 
tco Chip Enable to Output Time 400 
: Previous Read Data Valid with 50 
on’ Respect to Address 
Previous Read Data Valid with 0 


Respect to Chip Enable 


WRITE CYCLE 


twec Write Cycle 

tAW Address to Write Setup Time 
twp Write Pulse Width 

twR Write Recovery Time 

tow Data Setup Time 

tDH Data Hold Time 


tcw Chip Enable to Write Setup Time 


A.C. CONDITIONS OF TEST 


IU PUISC “LG Vel Seine! a: a.cmcg outs shi glenas & ve et a arte eS od wis hy as ey neck es eo wh er oA a 0.8 Volt to 2.0 Volt 
[DUTRISe Sha Fall EVES so sia: w-wh Soe Ate ooh ae exile he be Bere Be Mee ee SPAS oh de, Sy ice Ghee Oe Be le 10nsec 
Timing Measurement Reference Levels Inputs .......... 0.0. cee eee eee ee ee ee ees 1.5 Volts 

ONTOS sons ar see Kee Se Fined tae Se es ete San et We Re a, le 0.8 and 2.0 Volts 
OUTOUL Odd! 4 .2.i a a bean ote nis Ba a ee ee ee A eee ees 1 TTL Gate and Cy = 100pF 


CAPACITANCE[1] T, = 25°C, f= 1 MHz 


Input Capacitance (All Input Pins) Vipy = OV 
Output Capacitance VQuT = OV 


TIMING DIAGRAMS 


READ CYCLE WRITE CYCLE 
« tre > << two — 
~~ tco- > twrR |< 
— t 
CHIP Baie ~ cw Sia 
ENABLE ENABLE 
DATA READ/ 
OUT WRITE 
(4) 1.5 voLts ton, 
(3) 0.8 VOLTS IN CHANGE CHANGE 


NOTE: 1. This parameter is periodically sampled and is not 100% tested. 
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SY2102 


RAMs 


Ly 


SY2102 


PACKAGING DIAGRAM 


CERAMIC PACKAGE PLASTIC PACKAGE 


PIN NO. 1 PIN NO. 1 
IDENT. IDENT. ae 


(,060) | | 


(020) (.120) | (,810) 
i. (.080) (.745) 


(.015) 
(.008) 
(,065) 


(,400) 
(.150) (.320) aon : 
ag 1-320) (045) . aaieanr : 
A (.125) | (.290) =| eas ee (.290) 
(.110) {.023} (090) (.063) 


.060) 032 REF. (.090) 
(.045) 032 REF. 


1.015) 
(.008) 


—) Synertek® e P.O. Box 552 e Santa Clara, CA 95052 ° Telephone (408) 984-8900 e TWX: 910-338-0135 
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1024 x 1 Static Random SY21HO2 
Access Memory 


MEMORY 
Synertek® PRODUCTS 


@ 175/200 nsec Maximum Access Times 
@ Maximum Times Apply over Temperature Range 
and Supply Voltage Variation 


PIN CONFIGURATION BLOCK DIAGRAM 


CELL 
ROW ARRAY 
SELECTOR 32 ROWS 


32 COLUMNS 


Order Package Temperature . COLUMN SELECTOR 
i] 6 


ORDERING INFORMATION ° 3 COLUMN 1/0 CIRCUITS a 


Number Type Range 2 se 


SYP21H02 Plastic DIP 0°C to +55°C 
SYC21HO02 Ceramic DIP O°C to +55°C 
SYP21HO2-2 Plastic DIP 0°C to +55°C 
SYC21H02-2 Ceramic DIP 0°C to +55°C 


Orin numeers 


ABSOLUTE MAXIMUM RATINGS COMMENT 


Temperature Under Bias -10°C to 80°C Stresses above those listed under ‘Absolute Maximum 
Storage Temperature -65°C to 150°C Ratings’’ may cause permanent damage to the device. 
Voltage on Any Pin with This is a stress rating only and functional operation of 
Respect to Ground -0.5V to +7V the device at these or any other conditions above 
Power Dissipation 1.0W those indicated in the operational sections of this 
specification is not implied. 
D.C. CHARACTERISTICS tT, =0°C to +55°C, Vcc = 5V +5% unless otherwise specified. 


Parameter Test Conditions 
Min | Typ. ([Max._ 


Input Load Current (All Input Pins) VIN = 0 to 5.25V 

Output Leakage Current CE = 2.0V, VouT = 2.4 to Vcc 

Output Leakage Current CE = 2.0V, VouT = 0.4V 

Power Supply Current All Inputs = 5.25V, Data Out Open, 
Ta = 25°C 

Power Supply Current All Inputs = 5.25V, Data Out Open, 
Ta =0°C 

Input ‘‘Low” Voltage 

Input “‘High’”’ Voltage 

Output ‘‘Low”’ Voltage E loL =2.1mA 

Output ‘High’ Voltage : IOH = -100UA 


: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
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S SY21HO2 


A.C. CHARACTERISTICS Ta =0°C to +55°C, Vcc = 5V +5% unless otherwise specified. 


SY21H02 SY21H02-2 
Symbol Parameter (All Limits in ns) | Min. | Max. | Min. | Max. 


READ CYCLE 


Read Cycle 


tA Access Time 200 
tco Chip Enable to Output Time 120 
tOH1 Previous Read Data Valid with Respect to Address 


Previous Read Data Valid with Respect to Chip Enable 


WRITE CYCLE 


Write Cycle 


tAW Address to Write Setup Time 
twp Write Pulse Width 

tWR Write Recovery Time 

tpw Data Setup Time 

tDH Data Hold Time 


Chip Enable to Write Setup Time 


A.C. TEST CONDITIONS 


Paput Pulse (evel ss. ous Fea dae teal dee, ah ee Ww dn ak, eee Gilneas hd SR tot le tees GE ae des 0.8 to 2.0 Volts 
IDUT RISE SiG toll! PUAIES> Ate a ce esd: dead at wet: ete Sea ae Se ee ee eee te, ca lwemosen ata ane ees 10 nsec 
Timing Measurement Reference Levels: Inputs ...... 0... 0c cee eee ee te eee 1.5 Volts 

| OUEBUNS: sandva aa oe See ee eine eae bene eee 0.8 and 2.0 Volts 
Outpetliedel 2722.4 <6 Fh ele Sole Par cid cua A rate ude Sin fo. Pear Gh ents Gere 1 TTL Gate and Cy = 100 pF 


CAPACITANCE (1) T, = 25°C, f = MHz 


Symbol 


Input Capacitance (All input pins) Vjxy = OV 
Output Capacitance VoyT = OV 


NOTE: 1. This parameter is periodically sampled and not 100% tested. 
NOTE: 2. Typical values are for Ta = 25°C and nominal supply voltage. 


TIMING DIAGRAMS 


READ CYCLE WRITE CYCLE 


twe 


ADDRESS ADDRESS 


CHIP 


CHIP 
ENABLE ENABLE 
DATA READ/ 
OUT WRITE 


(4) 1.5 VOLTS —Iton, 


<_$—_—_———- tow ——______> 


DATA STABLE 


(2) 2.0 VoLTs DATA DATACAN 
@) 08 voLTs eee 


DATA CAN 
CHANGE 
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1024 x 1 Static Random SY21L02 


Access Memory 


MEMORY 


Synertek® 


@ Low Power Maximum Icc = 15mA (SY21L02) 
® Directly TTL Compatible 
@ 200mV Noise Immunity 


The Synertek SY21L02 is a 1024 word by one bit 
static random access memory element using N-channel! 
depletion mode silicon gate devices. It uses fully 
stable (static) circuitry and therefore requires no 
clocks or refreshing to operate. The data is read out 
nondestructively and has the same polarity as the 
input data. 


PIN 
CONFIGURATION 


ORDERING INFORMATION 


Order 
Number 


SYP21L02 

SYC271L02 

SYP21L02-1 
SYC21L02-1 
SYP21L02A 
SYC21L02A 
SYP21L02B 
SYC21L02B 


Package 
Type 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 


Access 
Time 
1psec 
1 usec 

500nsec 
500nsec 
350nsec 
350nsec 
400nsec 
400nsec 


Temperature 
Range 
O°C to 70°C 
O°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 


PRODUCTS 


@ Single +5V Supply 
@ Standby Power Mode — 23mW 


The SY21L02 is designed for memory applications 
where very low power dissipation is required in the 
operating and standby modes. It is directly TTL 
compatible in all respects: inputs, output, and a 
single +5 volt supply. A separate chip enable (CE) 
lead allows easy selection of an individual package 
when outputs are OR-tied. 


BLOCK DIAGRAM 


CELL 
ARRAY 
SELECTOR 32 ROWS 


32 COLUMNS 


COLUMN (/O CIRCUITS 


COLUMN SELECTOR 


O PIN NUMBERS 


ADDRESS INPUTS 
READ/WRITE INPUT 


DATA OUTPUT 
POWER (+5V) 


NOTE: An “L" suffix (SYP21L02L, SYC21LO2BL, etc.) indicates standby operation. 


S Synertek® 


P.O. Box 552 


Santa Clara, CA 95052 


e Telephone (408) 984-8900 ° 


TWX: 910-338-0135 
J-10K-11/77 


Lo 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias 0°C to 70°C 
Storage Temperature -65°C to +150°C 
Voltage On Any Pin With 

Respect to Ground -0.5V to +7V 
Power Dissipation 1 Watt 


SY21L02 


*COMMENTS 


Stresses above those listed under ‘Absolute Maximum 
Rating’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation 
of the device at these or at any other conditions above 
those indicated in the operational sections of this 


specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


DC AND OPERATING CHARACTERISTICS (SY21L02) 
Ta = O°C to +70°C, Vcc = 5V £5% unless otherwise specified 


Symbol Test Conditions 


lh Input Load Current Vin = 0 to 5.25V 
(All Input Pins) 
1LOH | Output Leakage Current CE = 2.2V, Vout = 4.0V 
NOL Output Leakage Current CE = 2.2V, Vout = 0.45V 
leet Power Supply Current All Inputs = 5.25V 
Data Out Open 
Ta = 25°C 
lcc2 | Power Supply Current All Inputs = 5.25V 
a Data Out Open 
Ta = OC 
VIL Input ‘‘Low”’ Voltage 
Vin Input ‘High’ Voltage 
Vo__ | Output “Low” Voltage lop. = 1.9MA 


Output ‘’High’’ Voltage lon = —100KA 


(1) Typical values are for T , = 25°C and nominal supply voltage. 


DC AND OPERATING CHARACTERISTICS (SY21L02-1, SY21L02A, SY21L02B) 
Ta =0°C to 70°C, Vcc = 5V £5% unless otherwise specified. 


Parameter 


[iain [yp (0 Wan 
Input Load Current (All Input Pins) 


Test Conditions 


VIN = 0 to 5.25V 
CE = 2.0V, VoyuT = 2.4 to Vcc 
CE = 2.0V, VouT = 0.4V 


ILOH | Output Leakage Current 


ILOL | Output Leakage Current 


VIL Input ‘‘Low”’ Voltage 

VIH Input ‘“High’’ Voltage 

VOL | Output ‘’Low”’ Voltage lol =3.2mA 

VOH | Output “High” Voltage IOH = -100UA 

Icc1 Power Supply Current: S¥Y21L02B All Inputs = 5.25V, Data 
SY21L02A Out Open, Ta = 25°C 
SY21L02-1 

Icc2 | Power Supply Current: SY21L02B All Inputs = 5.25V, Data 


SY21L02A 
SY21L02-1 


NOTE: 1. Typical values are for Ta = 25°C and nominal supply voltage. 


Out Open, Ta = 0°C 
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STANDBY CHARACTERISTICS (SY21L02L, SY21L02-1L, SY21LO2AL, SY21L02BL) 
Ta =0°C to 70°C 


Vep Vcc in Standby : V 
VcEs(2)| CE Bias in Standby 


Symbol Test Conditions 


2.0V <Vpp <Vecc Max. 
1.5V <Vpp <2.0V 


All Inputs = Vpp 7 = 1.5V 


Standby Current Drain 


IPD1 
Ipp2g =| Standby Current Drain All Inputs = Vpp9 = 2.0V 
tcp Chip Deselect to Standby | 0 ns 


Time 


Standby Recovery Time 


NOTE 1: Typical values are for Ta = 25°C and nominal supply voltage. 

NOTE 2: Consider the test conditions as shown: If the standby voltage (Vpp) is between 5.25V (Vcc Max.) and 2.0V, then CE 
must be held at 2.0V Min. (V,}). If the standby voltage is less than 2.0V but greater than 1.5V (Vpp Min.), then CE 
and standby voltage must be at least the same value or, if they are different, CE must be the more positive of the two. 


NOTE 3: te = tac (READ CYCLE TIME). 


AC CHARACTERISTICS 
Ta = 0°C to 70°C, Vcc = 5V +5% unless otherwise specified 


Symbol Raaaae 
Pin Loe [Min [Max [ Min [Mex [Min [Moe | 2 


READ CYCLE 


Read Cycle 


tA Access Time nsec 
tco | Chip Enable to Output Time nsec 
toH1 | Previous Read Data Valid with Respect to Address nsec 


Previous Read Data Valid with Respect to Chip Enable 


WRITE CYCLE 
Write Cycle 


nsec 


taw_ | Address to Write Setup Time 

twp | Write Pulse Width nsec 
twR | Write Recovery Time nsec 
tpw_ | Data Setup Time nsec 
tDH Data Hold Time nsec 


Chip Enable to Write Setup Time 


CAPACITANCE Ta = 25°C, f = 1MHz 


NOTE: This parameter is periodically sampled and is not 100% tested. 


AC TEST CONDITIONS 


Input Pulse Levels: +0.65 Volt to 2.2 Volt Timing Measurement Reference Level: 1.5 Volt 
Input Pulse Rise and Fal! Times: 20nsec Output Load: 1 TTL Gate and Cy = 100 pF 
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5 SY21L02 


TIMING DIAGRAMS 


READ CYCLE WRITE CYCLE 
< twe:- > 
twR |< 
t 
CHIP CHIP ‘ oy 5 
ENABLE ENABLE 
<— taw>\< twe > 
DATA READ/ 
OuT WRITE 
G) 1.5 voLTs ton, 
@ NOs DATA DATACAN DATA CAN 


CHANGE 


IN CHANGE 


(3) 0.8 VOLTS 


STANDBY WAVEFORMS 
STANDBY MODE ——_____» 


TYPICAL DC CHARACTERISTICS 


POWER SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 


1cC AVERAGE (mA) 


AMBIENT TEMPERATURE (°C) 
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256x4 Static 
Random Access Memory 


SY2111 


MEMORY 
PRODUCTS 


Synertek® 


Organization 256 Words By 4 Bits 

Common Data Input And Output 

Single +5V Supply Voltage 

Directly TTL Compatible — All Inputs and Outputs 
Static MOS — No Clocks or Refreshing Required 
Access Time — 250/350/450/500ns 

Simple Memory Expansion — 2 Chip Enable Inputs 


The SY2111 is a 256 word by 4 bit static random ac- 
cess memory element using N-channel MOS devices in- 
tegrated on a monolithic array. It uses fully DC stable 
(static) circuitry and therefore requires no clocks or 
refreshing to operate. The data is read out nondestruc- 
tively and has the same polarity as the input data. 
Common input/output pins are provided. 


The SY2111 is designed for memory applications in 
small systems where high performance, low cost, large 
bit storage, and simple interfacing are important design 
objectives. 


It is directly TTL compatible in all respects: inputs, 


PIN CONFIGURATION 


ORDERING INFORMATION 


Order Package Temperature 
Number Type Range 


SYP2111-1 
SYC2111-1 
SYP2111A-2 
SYC2111A-2 
SYP2111A 
SYC2111A 
SYP2111A-4 
SYC2111A-4 


S Synertek® 


Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 


P.O. Box 552 


O°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 


Santa Clara, CA 95052 


Fully Decoded — On-Chip Address Decode 

Inputs Protected — All Inputs have Protection 
Against Static Charge 

Low Cost Packaging — 18 Pin Plastic Dual-In-Line 
Configuration 

low Power — Typically 150mW 

Three - State Output — OR - Tie Capability 


outputs, and asingle +5V supply. Separate Chip Enable 
leads allow easy selection of an individual package 
when outputs are OR-tied. 


The SY2111 is fabricated with N-channel ion-implanted 
silicon gate technology, which allows the design and 
production of high performance, easy-to-use MOS cir- 
cuits and provides a higher functional density on a 
monolithic chip than either conventional MOS tech- 
nology or N-channel silicon gate technology. 


Synertek’s silicon gate technology also provides excel- 
lent protection against contamination. This permits 
the use of low cost plastic packaging. 


BLOCK DIAGRAM 
al 


p= MEMORY ARRAY 
> ROW 32 ROWS 
> SELECT 32 COLUMNS 


AOOnG 


> 
& 


aaa 
COLUMN 1/O 
CIRCUITS 


COLUMN SELECT 


iSlelelols 


a) = PIN NUMBERS 


PIN NAMES 


ADDRESS INPUTS CE} CHIP ENABLE 1 
OUTPUT DISABLE CE2 CHIP ENABLE 2 
READ/WRITE INPUT 1/04-1/04 DATA INPUT/OUTPUT 


e Telephone (408) 984-8900 e 


TWX: 910-338-0135 


Lo 


SY2111 


ABSOLUTE MAXIMUM RATINGS COMMENT 

Ambient Temperature Under Bias 0°C to 70°C Stresses above those listed under ‘‘Absolute Maximum 

Storage Temperature -65°C to +150°C Rating’’ may cause permanent damage to the device. 

Voltage on Any Pin This is a stress rating only and functional operation 
With Respect to Ground -0.5V to +7V of the device at these or at any other condition above 

Power Dissipation 1 Watt those indicated in the operational sections of this 


specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 
Ta = 0°C to 70°C, Vcc = 5V £5%, unless otherwise specified. 


Test Conditions 
VIN = Oto 5.25V 


CE = 2.2V, Vj/o = 4.0V 
CE = 2.2V, V1/o = 0.45V 


2111A 
2111A-2, 2111A-4 
Parameter | Min. | Typ.()| Max. | Min. | Typ.())| Max. | Unit 
Input Load Current 10 10 UA 
1/O Leakage Current 


1/O Leakage Current 


ILOL 


| P Supply C t VIN = 5.25V 
ower Su urren 
os = 11/0 = OMA, Ta = 25°C 
| Power Supply Current VIN = 5.25V 
Ww r : 
ae 11/0 =OmA, Ta = 0 C 
VIL Input Low Voltage 
VIH Input High Voltage 
lOL =3.2mA 
VOL | Output Low Voltage OL m 
(IO = 2.0mA - 2111-1) 
VOH | Output High Voltage loy = -150nA 


NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage. 


A.C. CHARATERISTICS — SY2111-1 
Ta =0°C to 70°C, Vcc = 5V +5%, unless otherwise specified. 


READ CYCLE 


Read Cycle 


tA Access Time ns 
tco Chip Enable To Output ns 
tOoD Output Disable To Output ns 


Data Output To High Z State 
Previous Data Read Valid After Change Of Address 


WRITE CYCLE 


Write Cycle 


tAW Write Delay ns 
tcw Chip Enable To Write ns 
tow Data Setup ns 
tDH Data Hold ns 


Write Pulse 
Write Recovery 


NOTE: 1. tpg is with respect to the trailing edge of CE1, CE2, or OD, whichever comes first. 
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A.C. CHARACTERISTICS — SY2111A-2 
Ta =0°C to 70°C, Vcc = 5V £5%, unless otherwise specified. 


READ CYCLE 
tRCY Read Cycle ns 
tA Access Time ns 
tco Chip Enable To Output ns 
tOD Output Disable To Output ns 


tpF [1] Data Output To High Z State ns 
tOH Previous Data Read Valid After Change Of Address ns 


WRITE CYCLE 


Write Cycle 
tAW Write Delay ns 
tcw Chip Enable To Write ns 
tow Data Setup ns 
tDH Data Hold ns 
twp Write Pulse ns 


Write Recovery 


A.C. CHARACTERISTICS — SY2111A 
Ta = 0°C to 70°C, Vcc = 5V £5%, unless otherwise specified. 


READ CYCLE 


Read Cycle 


tA Access Time ns 
tco Chip Enable To Output ns 
toD Output Disable To Output ns 
tor) Data Output To High Z State ns 


Previous Data Read Valid After Change Of Address 


WRITE CYCLE 


Write Cycle 


tAW Write Delay ns 
tCw Chip Enable To Write ns 
tDWw Data Setup ns 
tDH Data Hold ns 
twp Write Pulse ns 


Write Recovery 


NOTE: 1. tor is with respect to the trailing edge of CE1, CE2, or OD, whichever comes first. 
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5 | SY2111 


A.C. CHARACTERISTICS — SY2111A-4 


Ta =0°C to 70°C, Vcc = 5V +5%, unless otherwise specified. 


READ CYCLE 


Read Cycle 


tA Access Time ns 
tco Chip Enable To Output ns 
tOoD Output Disable To Output ns 


Data Output To High Z State 
Previous Data Read Valid After Change Of Address 


WRITE CYCLE 


Write Cycle 


tAW Write Delay ns 
tcw Chip Enable To Write ns 
tow Data Setup ns 
tDH Data Hold ns 
twp Write Pulse ns 


Write Recovery 


A.C. CONDITIONS OF TEST 


2111A, 2111A-2, 2111A-4 2111-1 
Input Pulse Levels............-.2-0-- NEI ataceta, ened FOV TO 2:50V vaca y bw eee 2G +0.65V to 2.2V. 
Input Pulse Rise & Fall Times: .... 2... 0... 2... ee eee TONS: * -2-cr-e-0 tw can eG arth, ate obs 10ns_ 
Timing Measuremnt Reference Level MDGS 2 8 oe eon e See es TOV? 2d toe een ke hee es 1.5V 
Outputs: ......... O.BV O20 > erecaccsgn d heaic ele $ 0.8V & 2.0V 
Output. 0ad*- 2h. sar ein Bek ah eS Od eed 1 TTL Gate & Cy =100pF .... 1 TTL Gate & Cy = 100pF 


CAPACITANCE Ta = 25°C, f = 1 MHz 


Input Capacitance (All Input Pins) Vijy = OV 
Output Capacitance VQUT = OV 


TIMING DIAGRAMS 


READ CYCLE WRITE CYCLE 
ADDRESS ADDRESS 
5 CHIP 
ENABLES CHIP 


(CE7 CEQ) ENABLES 
OUTPUT 
DISABLE 

DISABLE 
OUTPUT _ 


DATA 1/0 


DATA 1/0 


READ/ 
WRITE 


NOTE: 1.tprf is with respect to the trailing edge of CE1, CE2 or OD, whichever comes first. 
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256x4 Static SY21H11 


Random Access Memory 


MEMORY 
PRODUCTS 


Synertek® 


Organization — 256 Words By 4 Bits 

Common Data Input and Output 

Single +5V Supply Voltage 

Directly TTL Compatible — All Inputs and Outputs 
Static MOS — No Clocks or Refreshing Required 
Access Time — 175/200 ns 

Fully Decoded — On-Chip Address Decode 


Inputs Protected — All Inputs Have Protection 
Against Static Charge 

Low Cost Packaging — 18 Pin Plastic Dual-In-Line 
Configuration 

Three-State Output — OR-Tie Capability 

Simple Memory Expansion — 2 Chip Enable Inputs 


The SY21H11 is a 256-word by 4-bit static random 
access memory element using N-channel MOS devices 
integrated on a monolithic array. It uses fully DC 
stable (static) circuitry and therefore requires no 
clocks or refreshing to operate. The data is read out 
nondestructively and has the same polarity as the 
input data. Common input/output pins are provided. 


The SY21H11 is designed for memory applications in 
small systems where high performance, low cost, large 
bit storage, and simple interfacing are important design 
objectives. 


It is directly TTL compatible in all respects: inputs, 


PIN CONFIGURATION 


ORDERING INFORMATION 


Order Package Temperature 
Number Type Range 
SYP21H11 Plastic DIP 0°C to 55°C 
SYC21H11 Ceramic DIP 0°C to 55°C 
SYP21H11-2 Plastic DIP 0°C to 55°C 
SYC21H11-2 Ceramic DIP 0°C to 55°C 


S Synertek® ©@ 


P.O. Box 552 6 


Santa Clara, CA 95052 @ 
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outputs, and a single +5V supply. Separate Chip 
Enable leads allow easy selection of an individual 
package when outputs are OR-tied. 


The SY21H11 is fabricated with N-channel ion- 
implanted silicon gate technology, which allows the 
design and production of high performance, easy-to- 
use MOS circuits and provides a higher functional 
density on a monolithic chip than either conventional 
MOS technology or N-channel silicon gate technology. 


Synertek’s silicon gate technology also provides excel-, 
lent protection against contamination. This permits 
the use of low cost packaging. 


BLOCK DIAGRAM 


Ao? @ o VCC 
Ave ® @ o GND 
1 @ MEMORY ARRAY 
Az 0 32 ROWS 
o 32 COLUMNS 
A3 0 @® 
Ago 
beets al 
COLUMN 1/0 
RM 
1/0; ¢ ® COLUMN SELECT 
1/02 0 A Ri 
jee AWAWAG 
a) | OOD 
1/04 ° ~ ~ 
l 5 Ag A7 | 
CEy > > 
CE2 O ©) > = = 
9 
ODa Be. (_) = PIN NUMBERS 
PIN NAMES 
Ao-A7 ADDRESS INPUTS CE} CHIP ENABLE 1 
oD OUTPUT DISABLE CE2 CHIP ENABLE 2 
R/W READ/WRITE INPUT 1/04-1/0g4 DATA INPUT/OUTPUT 


Telephone (408) 984-8900 @ TWX: 910-338-0135 
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ABSOLUTE MAXIMUM RATINGS 


Ambient Temperature Under Bias 0°C to 55°C 
Storage Temperature -65°C to +150°C 
Voltage On Any Pin 

With Respect to Ground -0.5V to+7V 
Power Dissipation 1 Watt 


D.C. CHARACTERISTICS 


SY21H11 


COMMENT 


_ Stresses above those listed under ‘Absolute Maximum 


Rating’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of 
the device at these or at any other condition above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


Ta =0°C to 55°C, Voc = 5V +5%, unless otherwise specified. 


Input Load Current 
\/O Leakage Current 


LOH 

ILoL \/O Leakage Current 
lect Power Supply Current 
lcec2 Power Supply Current 
VIL Input Low Voltage 
Vin Input High Voltage 
VoL Output Low Voltage 


Output High Voltage 


NOTES: 


A.C. CHARACTERISTICS — SY21H11 
READ CYCLE Ta =0°C to 55°C, Vcc = 5V £5% unless otherwise specified. 


Read Cycle 
Access Time 


tco Chip Enable to Output 
toD Output Disable to Output 
tpF [1] Data Output to High Z State 


WRITE CYCLE 


tWCY Write Cycle 


tAW Write Delay 

tcw Chip Enable to Write 
tpoWw Data Setup 

tDH Data Hold 

twp Write Pulse 


Write Recovery 


S cccermeal 


NOTE: 1. tpgf is with respect to the trailing edge of CE1 


[wenn [oa 


Previous Data Read Valid After Change of Address 


tren 


, CE2, or OD, whichever comes first. 


Test Conditions 


Vin = 0 to 5.25V 
CE = 2.2V, Vijo =4.0V 


CE = 2.2V, Vio = 0.45V 
Vin = 5.25V 

lio = OMA, Ta = 25°C 
Vin = 5.25V 


lio = OMA, Ta = OC 


lo. =3.2mA 
lon =-150uUA 


1. Typical values are for Ta = 25°C and nominal supply voltage. 
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A.C. CHARACTERISTICS — SY21H11-2 
READ CYCLE Tpa= 0°c to 55°C, Vcc = 5V +5% unless otherwise specified. 


Symbol 


tRcy Read Cycle ns 
tA Access Time ns 
tco Chip Enable to Output ns 
toD Output Disable to Output ns 
tpFl1] Data Output to High Z State ns 


Previous Data Read Valid After Change of Address 


WRITE CYCLE 


Symbol 


Write Cycle 


Write Delay 
tcw Chip Enable to Write ns 
tow Data Setup ns 
tDH Data Hold ns 
twp Write Pulse ns 


Write Recovery 


A.C. CONDITIONS OF TEST 


TOUT PUISe Vers a vie ses es ein Rew cet BE cake Goelw eS Sat Kk a Se nica tal de ee es Ge dn S mae aed +0.8V to 2.0V 
PROUT RISE OU Fall TAGS 2 bi ated dede eos at Caters Seat ho pees Ae, at he ne eee el 2S eae Re Ge ee 10 ns 
Timing Measurement Reference Level EQUUS * 26. oes peg teed ik Ore Ra Sk ee ey Se nk eee ee tin ee 1.5V 

OEE 2 ait ace, ce ee ees to eS es eae ay ee bed 0.8V & 2.0V 
Output LOdd 22 eink ssc Aiken a a Be We Sed ae eee ee ee ee 1 TTL Gate & Cy. = 100pF 


CAPACITANCE Ta = 25°C, f = 1 MHz 


Test 


Input Capacitance (All Input Pins) Vjjqy = OV 
Output Capacitance VQUT = OV 


TIMING DIAGRAMS 
READ CYCLE WRITE CYCLE 


ADDRESS ADDRESS 
CHIP 

ENABLES CHIP 

(CE1 CE2) _ ENABLES 


| 
' OUTPUT 
DISABLE 


toH—| |< 


DISABLE 
917 20 © 2 Sa a a ne 
DATA t/O DATA OUT VALID DATA 1/0 


READ/ 
WRITE 


NOTE: 1. tDF is with respect to the trailing edge of CE1,CE2 or OD, whichever occurs first. 
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SY21H11 


PACKAGING DIAGRAM 
CERAMIC PACKAGE PLASTIC PACKAGE 


£910) 
“— (.870) 
(490) i 

{.400) 

(.255) 

a { 245) 

PINNO 1 
(310) IDENT bd a y 
(280) | | 


PIN NO. 1 


IDENT. { 920} 


( 890) 


Pe 
) 


= | (060) 


(065) 


oman 


(.015) 


{.015) 
( 008) 


1.125 & {.720) 
Te Toasy 060, Wt £008) 
( 020) (.320} _ 400) 
| (.790) | L290) 


.032 REF. 032 REF 
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256 x 4 Static Random SY2112 


Access Memory 


MEMORY 
PRODUCTS 


Synertek° 


Organization 256 Words by 4 Bits 

Common Data Input and Output 

Single +5V Supply Voltage 

Directly TTL Compatible - All Inputs and Outputs 
Static MOS - No Clocks or Refreshing Required 
Access Time - 250/350/450/500 ns 

Simple Memory Expansion - Chip Enable Input 


The SY2112 is a 256 word by 4 bit static random 
access memory element using N-channel MOS devices 
integrated on a monolithic array. It uses fully DC 
stable (static) circuitry and therefore requires no clocks 
or refreshing to operate. The data is read out nonde- 
structively and has the same polarity as the input data. 
Common input/output pins are provided. 


The SY2112 is designed for memory applications in 
small systems where high performance, low cost, 
large bit storage, and simple interfacing are important 
design objectives. 


It is directly TTL compatible in all respects: inputs, 
outputs, and a single +5V supply. A separate Chip 


PIN 
CONFIGURATION 


ORDERING INFORMATION 


Order Package Access 
Number Type Time 


SYP2112A-2 Plastic DIP 250nsec 
SYC2112A-2 Ceramic DIP 250nsec 
SYP2112A Plastic DIP 350nsec 
SYC2112A Ceramic DIP 350nsec 
SYP2112A-4 Plastic DIP 450nsec 
SYC2112A-4 Ceramic DIP 450nsec 
SYP2112-1 Plastic DIP 500nsec 
SYC2112-1 Ceramic DIP 500nsec 


5 Synertek® ° 


Temperature 
Range 
0°C to 70°C 
~ O°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 
0°C to 70°C 


P.O. Box 552 e 


Santa Clara, CA 95052 
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Fully Decoded - On-Chip Address Decode 

Inputs Protected - All Inputs Have Protection 
Against Static Charge 

Low Cost Packaging - 16 Pin Plastic Dual-In-Line 
Configuration 

Low Power - Typically 150 mW 

Three-State Output - OR-tie Capability 


Enable lead allows easy selection of an individual 
package when outputs are OR-tied. 


The SY2112 is fabricated with ion implanted N- 
channel silicon gate technology. This technology 
allows the design and production of high performance, 
easy-to-use MOS circuits and provides a higher func- 
tional density on a monolithic chip than either con- 
ventional MOS technology or N-channel silicon gate 
technology. 


Synertek’s ion implanted silicon gate technology also 
provides excellent protection against contamination. 
This permits the use of low cost plastic packaging. 


BLOCK DIAGRAM 


MEMORY ARRAY 
32 ROWS 
32 COLUMNS 


COLUMN 1/O 
CIRCUITS 


COLUMN SELECT 


C) = PIN NUMBERS 
PIN NAMES 


Ag-A7__‘ ADDRESS INPUTS 
R/W READ/WRITE INPUT 


CE CHIP ENABLE INPUT 


1/04-1/04 DATA INPUT/OUTPUT 
Vec POWER (+5V) 


e Telephone (408) 984-8900 e 


TWX: 910-338-0135 
B-5K-11/77 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias 0°C to 70°C 
Storage Temperature -65°C to +150°C 
Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 
Power Dissipation 1 Watt 


SY2112 


*COMMENT 


Stresses above those listed under ‘‘Absolute Maximum 
Rating’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation 
of the device at these or at any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


D. C. AND OPERATING CHARACTERISTICS — SY2112A, SY2112A-2, SY2112A-4 
Ta = 0°C to 70°C, Vcc = 5V +5% unless otherwise at 


Input Current 


LOH | !/O Leakage Current 


ILOL | !/O Leakage Current 
!cc1 | Power Supply Current 
Icc2 | Power Supply Current 
VIL Input “‘Low” Voltage 
VIH Input “‘High’’ Voltage 
VoL | Output “Low” Voltage 


Output ‘‘High’’ Voltage 


Test Conditions 


VIN = 0 to 5.25V 

CE = 2.2V, V1/0 = 4.0V 
CE = 2.2V, Vi/0 = 0.45V 
VIN = 5.25V, 11/9 = OMA 
Ta = 25°C 

VIN = 5.25V, 11/9 = OmA 
Ta =0°C 


loL = 3.2mA 
lIOH = -150uA 


NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage. 


D.C. AND OPERATING CHARACTERISTICS — SY2112-1 
Ta = 0°C to 70°C, Vcc = 5V +5% unless otherwise specified. 


a ——— a 8S 3 


Test Conditions 


ILI Input Current VIN =0 to 5.25V 

ILOH | !/O Leakage Current CE = 2.2V, V1/0 = 4.0V 

ILOL | !/O Leakage Current CE = 2.2V, Vj/o = 0.45V 

1cc1 | Power Supply Current VIN = 5.25V, 11/9 = OMA 
TaA=25C 

lcc2 | Power Supply Current VIN = 5.25V, 11/9 = OMA 
TA =0°C 

VIL Input “Low” Voltage 

VIH Input “High” Voltage ) 

VOL | Output ‘’Low” Voltage lOoL = 2mA 

VOH | Output “High” Voltage IOH = -150uA 


NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
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SY2112 


A. C. CHARACTERISTICS — SY2112A-2 
READ CYCLE Ty, = 0°C to 70°C, Vcc = 5V +5% unless otherwise specified. 


ee 


tRCY Read Cycle ns 
tA Access Time ns 
tco Chip Enable to Output Time ns 
tcp Chip Enable to Output Disable Time ns 
tOH Previous Read Data Valid After Change ns 


of Address 


WRITE CYCLE NO. 1 Ta =0°C to 70°C, Vcc = 5V £5% 


| Parameter | Min. | Max, 


twcy1 Write Cycle ns 
tAWw1 Address to Write Setup Time ns 
tow Write Setup Time ns 
twP1 Write Pulse Width ns 
tCS1 Chip Enable Setup Time ns 
tCH1 Chip Enable Hold Time ns 
twRi Write Recovery Time ns 


Data Hold Time 
Chip Enable to Write Setup Time 


WRITE CYCLE NO. 2 Ta = 0°C to 70°C, Vcc = 5V £5% 


Write Cycle 


taw2 Address to Write Setup Time ns 
tpw2 Write Setup Time ns 
twD2 Write To Output Disable Time ns 
tcs2 Chip Enable Setup Time ns 
tCH2 Chip Enable Hold Time ns 
tWR2 Write Recovery Time ns 


Data Hold Time 


A. C. CHARACTERISTICS — SY2112A 
READ CYCLE Ty, = 0°C to 70°C, Vcc = 5V £5% unless otherwise specified. 


tRCY Read Cycle ns 
ta Access Time ns 
tco Chip Enable to Output Time ns 
tcD Chip Enable to Output Disable Time ns 
tOH Previous Read Data Valid After Change ns 


of Address 
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RAMs 


S SY2112 


A. C. CHARACTERISTICS — SY2112A (Cont.) 
WRITE CYCLE NO.1 Ta =0°C to 70°C, Vcc = 5V +5% 


ee ees eee 


Symbol 


tWwcy1 Write Cycle ns 
tAW1 Address to Write Setup Time ns 
tpow1 Write Setup Time ns 
twP1 Write Pulse Width ns 
tcs1 Chip Enable Setup Time ns 
tCH1 Chip Enable Hold Time ns 
tWR1 Write Recovery Time ns 


Data Hold Time 
Chip Enable to Write Setup Time 


Write Cycle 


taAw2 Address to Write Setup Time ns 
tpow2 Write Setup Time ns 
twD2 Write To Output Disable Time ns 
tcs2 Chip Enable Setup Time ns 
tCH2 Chip Enable Hold Time ns 
tWR2 Write Recovery Time ns 


Data Hold Time 


A. C. CHARACTERISTICS — SY2112A-4 


READ CYCLE Ta= 0°C to 70°C, Vcc = 5V +5% unless otherwise specified. 


tRCY Read Cycle 450 ns 

ta Access Time 450 ns 

tco Chip Enable to Output Time 200 ns 

tcD Chip Enable to Output Disable Time 0 150 ns 

tOH Previous Read Data Valid After Change | 0 ns 
of Address 


WRITE CYCLE NO. 1 Ta =0°C to 70°C, Vcc = 5V +5% 


ee 


Symbol 


tWcyY1 Write Cycle ns 
tAW1 Address to Write Setup Time ns 
tpw1 Write Setup Time ns 
tWP1 Write Pulse Width ns 
tcsi Chip Enable Setup Time ns 
tCH1 Chip Enable Hold Time ns 
tWR1 Write Recovery Time ns 


Data Hold Time 
Chip Enable to Write Setup Time 


3-40 


S Sy2112 


A. C. CHARACTERISTICS — SY2112A-4 (Cont.) 


WRITE CYCLE NO. 2 Ta =0°C to 70°C, Vcc = 5V +5% 


ee 


twcy2 Write Cycle ns 
tAW2 Address to Write Setup Time ns 
tpow2 Write Setup Time ns 
twp2 Write To Output Disable Time ns 
tcs2 Chip Enable Setup Time ns 
tCcH2 Chip Enable Hold Time ns 
twR2 Write Recovery Time ns 


Data Hold Time 


A. C. CHARACTERISTICS — SY2112-1 
READ CYCLE Ta = 0°C to 70°C, Vcc = 5V +5%, unless otherwise specified. 


tamer Ts 


Test Conditions 


trRcy Read Cycle tr, tf <20ns 

tA Access Time 0.65V 2 VIN 2 2.2V 
tco Chip Enable To Output Time Timing Reference = 1.5V 
tcp Chip Enable To Output Disable Time Load = 1 TTL Gate 

tOH Previous Read Data Valid After Change CL = 100pF 


of Address 


Test Conditions 


Write Cycle 
Address To Write Setup Time 


tr, tf <20ns 
0.65V 2 Vin 2 2.2V 


twcey1 
tAw1 


tow Write Setup Time Timing Reference = 1.5V 
twP1 Write Pulse Width Load = 1 TTL Gate 

tcs1 Chip Enable Setup Time CL = 100pF 

tCH1 Chip Enable Hold Time 

tWR1 Write Recovery Time 


Data Hold Time 
Chip Enable to Write Setup Time 


WRITE CYCLE NO. 2 Ta = 0°C to 70°C, Vcc = 5V +5% 


er ce 


Test Conditions 


twcy2 | Write Cycle tr, t¢ <20ns 

taw2 | Address To Write Setup Time 0.65V >= VIN 2 2.2V 
tpw2 Write Setup Time Timing Reference = 1.5V 
twbD2 Write To Output Disable Time Load = 1 TTL Gate 
tcs2 Chip Enable Setup Time C= 100pF 

tCH2 Chip Enable Hold Time 

twR2 Write Recovery Time 

tpH2 Data Hold Time 
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READ CYCLE WAVEFORMS 


INPUT/OUTPUT 


ADDRESS 


CHIP ENABLE 


INPUT/OUTPUT 


READ/WRITE 


NOTE 7. Data Hold Time. (TOH) is reference io the trailing edge of CHIP 
ENABLE (CE) or READ/WRITE (R/W) whichever comes first. 


A.C. CONDITIONS OF TEST 
MNBUT PUISe Gad § ie sia. os Be cae Bae on ected Bosiccne Bass 
Input Pulse Rise and Fall Times................. 


Timing Measurement Reference Level: Input 
Output 
Output Load 


PACKAGE DIAGRAM 
CERAMIC PACKAGE 


PIN NO. 1 
IDENT. 


(.810) 
(745) 


(310) 
[eas | 


(125) 


032 REF. 


S Synertek® e 


P.O. Box 552 e 


ee | 
Ce ee] 
oe eo @ © © 2 

2 2 8 © © 


Santa Clara, CA 95052 e 
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SY2112 


CAPACITANCE 


Limits (pF) 
Typ. | Max. 


Input Capacitance 
(All Input Pins) Vij = OV 


|/O Capacitance V|/Q = OV | 10 | 


Symbol Test 


WRITE CYCLE #2 Tap =0°C to 70°C, Voc = 5Vt5% 


ADDRESS 
CHIP ENABLE 
INPUT/OUTPUT 


READ/WRITE 


0.8 to 2.0 Volt 
10 nsec 


MOLDED PACKAGE 


PIN NO. 1 ! 
IDENT. 
(.830) | (.060) 
(.740) (020) (.120) 
(.065) (.490) oon! 
(020) kK (400) . | 


(.015) 
(.008) 


(.150) 


(.021) (.320) 
(015) (125) (.290) 
= (110) 


04 


( 


( 
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256x4 Static Random SY21H12 


Access Memory 


MEMORY 
PRODUCTS 


Synertek® 


Organization-256 Words By 4 Bits 

Common Data Input and Output 

Single +5V Supply Voltage 

Directly TTL Compatible - All Inputs and Outputs 
Access Time - 175/200 ns 


Simple Memory Expansion - Chip Enable Input 


The SY21H12 is a 256 word by 4 bit static random 
access memory element using N-channel MOS devices 
integrated on a monolithic array. It uses fully DC 
stable (static) circuitry and therefore requires no 
clocks or refreshing to operate. The data is read out 
nondestructively and has the same polarity as the 
input data. Common input/output pins are provided. 


The SY21H12 is designed for memory applications in 
small systems where high performance, low cost, large 
bit storage, and simple interfacing are important design 
objectives. 


It is directly TTL compatible in all respects: inputs, 
outputs, and a single +5V supply. A separate Chip 


PIN 
CONFIGURATION 


ORDERING INFORMATION 


Order Package Access Temperature 
Number Type Time Range 


SYP21H12 Plastic DIP 175nsec 0°C to 55°C 
SYC21H12 Ceramic DIP 175nsec 0°C to 55°C 
SYP21H12-2 Piastic DIP 200nsec 0°C to 55°C 
SYC21H12-2 Ceramic DIP 200nsec 0°C to 55°C 


P.O. Box 552 e 


S Synertek® ® 


Santa Clara, CA 95052 


Fully Decoded - On-Chip Address Decode 

Inputs Protected - All Inputs Have Protection 
Against Static Charge 

Low Cost Packaging - 16 Pin Plastic Dual-In-Line 
Configuration 

Three-State Output - OR-Tie Capability 


Enable lead allows easy selection of an individual 
package when outputs are OR-tied. 


The SY21H12 is fabricated with ion implanted N- 
channel silicon gate technology. This technology 
allows the design and production of high performance, 
easy-to-use MOS circuits and provides a higher func- 
tional density on a monolithic chip than either 
conventional MOS technology or N-channel silicon 
gate technology. 


Synertek’s ion implanted silicon gate technology also 
provides excellent protection against contamination. 
This permits the use of low cost packaging. 


BLOCK DIAGRAM 


MEMORY ARRAY 
32 ROWS 
32 COLUMNS 


ee eae 
COLUMN 1/0 
CIRCUITS 


COLUMN SELECT 


ve: 


()= PIN NUMBERS 


PIN NAMES 


Ag-A7 ADDRESS INPUTS 
R/W READ/WRITE INPUT 
CE CHIP ENABLE INPUT 
1/04-1/0g DATA INPUT/OUTPUT 


Voc 


2 Telephone (408) 984-8900 e 


TWX: 910-338-0135 
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ABSOLUTE MAXIMUM RATINGS* 


0°C to 55°C 
-65°C to 150°C 


Ambient Temperature Under Bias 
Storage Temperature 
Voltage On Any Pin 

With Respect to Ground 
Power Dissipation 


-0.5V to +7V 
1 Watt 


D.C. AND OPERATING CHARACTERISTICS 


SY21H12 


*COMMENTS 


Stresses above those liste under ‘‘Absolute Maximum _ 
Ratings’’ may cause damage to the device. This is a 
stress rating only and functional operation of the 
device at these or any other condition above those 
indicated in the operational sections of this specifica- 
tion is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect 
device reliability. 


TA = 0°C to 55°C, Vcc = 5V +5%, unless otherwise specified. 


My Input Current 

[LOH | I/O Leakage Current 
[LOL | \/O Leakage Current 
lcc1. | Power Supply Current 
lcc2 | Power Supply Current 
VIL Input ‘‘Low”’ Voltage 
VIH Input ‘“High’’ Voltage 
VOL | Output ‘“Low” Voltage 


Output “High” Voltage 


| Parameter | Min. | Typ.(1) | Max. | Unit 
, 10 UA 


Test Conditions 
VIN =O to 5.25V 
CE = 2.2V, Vi/o = 4.0V 
CE = 2.2V, V1/0 = 0.45V 


VIN = 5.25V, I1/9 =OmA 
TA = 25°C 

VIN = 5.25V, l1/9 = OmA 
TA=0°C 


loL =3.2mA 
lOH = -150uUA 


NOTE: 1. Typical values are for Ta = 25°C and nominal supply voltage. 


A. C. CHARACTERISTICS — SY21H12 
READ CYCLE Ta, = 0°C to 55°C, Vcc = 5V +5% unless otherwise specified 


Parameter 


Read Cycle 


tA Access Time ns 
tco Chip Enable to Output Time ns 
tcD Chip Enable to Output Disable Time ns 
tOH Previous Read Data Valid After Change ns 


of Address 


WRITE CYCLE NO.1 Ta, = 0°C to 55°C, Vcc = 5V £5% 


Symbol 
tWwey 1 Write Cycle 
tAW1 Address to Write Setup Time 
tow Write Setup Time 
tWP1 Write Pulse Width 


tcs1 Chip Enable Setup Time 


tCH1 Chip Enable Hold Time 

twR1 Write Recovery Time 

tDH1 Data Hold Time 

tcw1 Chip Enable to Write Setup Time 


175 ns 
0 ns 
100 ns 
150 ns 
0 50 ns 
0 ns 
0 ns 
0 ns 
100 ns 
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WRITE CYCLE NO. 2 Ta =0°C to 55°C, Vcc = SV +5% 


Symbol 


twCcY2 Write Cycle ns 
tAW2 Address to Write Setup Time ns 
tow2 Write Setup Time ns 
twD2 Write to Output Disable Time ns 
tcs2 Chip Enable Setup Time ns 
tCH2 Chip Enable Hold Time ns 
tWR2 Write Recovery Time ns 


tDH2 Data Hold Time 


A. C. CHARACTERISTICS — SY21H12-2 
READ CYCLE Tp =0°C to 55°C, Vcc = 5V +5% unless otherwise specified 


Symbol 


tRCy Read Cycle 

tA Access Time ns 
tco Chip Enable to Output Time ns 
tcp Chip Enable to Output Disable Time ns 
tOH Previous Read Data Valid After Change ns 


of Address 


WRITE CYCLE NO.1 Ty =0°C to 55°C, Vcc = 5V +5% 


Symbol 


Write Cycle 


tAW1 Address to Write Setup Time ns 
tow Write Setup Time ns 
TWP 1 Write Pulse Width ns 
tCS Chip Enable Setup Time ns 
tCH1 Chip Enable Hold Time ns 
tWR1 Write Recovery Time ns 

Data Hold Time ns 


Chip Enable to Write Setup Time 


WRITE CYCLE NO. 2 Ta =0°C to 55°C, Vcc = 5V +5% 


Symbol Parameter 


Write Cycle 


tAw2 Address to Write Setup Time ns 
tpow2 Write Setup Time ns 
twD2 Write to Output Disable Time ns 
tcs2 Chip Enable Setup Time ns 
tCH2 Chip Enable Hold Time ns 
tWR2 Write Recovery Time ns 


Data Hold Time 
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SY21H12 


RAMs 


Ss SY21H12 


READ CYCLE WAVEFORMS CAPACITANCE 


Limits (pF) 


Input Capacitance 
(All Input Pins) Vijjy = OV 


I/O Capacitance Vj /9 =0V | 10 | 


tRCY 


Test 


Symbol 


ADDRESS 


CHIP ENABLE 


Uh is / 


WRITE CYCLE #1 WRITE CYCLE #2 


INPUT/OUTPUT 


ADDRESS ADDRESS 


CHIP ENABLE 


CHIP ENABLE 


— ae | 


NOTE 1. Data Hold Time. (TOH) is reference to the trailing edge of CHIP 
ENABLE (CE) or READ/WRITE (R/W) whichever comes first. 


Ta = 0°C to 55°C, Vcc = 5V+5% 


INPUT/OUTPUT INPUT/OUTPUT 


READ/WRITE READ/WRITE 


A.C. CONDITIONS OF TEST 


INOUt RUISE eeVelS=: tara ces ia es aS ee Se Be OA He, Ne ok a ai ee +0.8 Volt to 2.0 Volt 
Input Riseane. Fall PWS: 6 ai ace a8 ese ae BA asin las eee tS ets “ee Se a cae Ge we eee be See ee eae 10 nsec 
Timing Measurement Reference Levels: [Input ....... 0... 0c eee ee ee es 1.5 Volt 

CUM DUE ca-care seve ata, & Sed ont nie tees ee ete MeDe aR ane 0.8 and 2.0 Volt 
QUtDUT LOaGe 2. 4 ote ind heed see soe bee eeu dae a: Paquet & Ota erie a BaP aes 1 TTL Gate and Cy = 100 pF 


PACKAGE DIAGRAM 


CERAMIC PACKAGE PLASTIC PACKAGE 


(.310) 
(.280) 
PIN NO. 1 
Oey. IDENT. 


a (830) —_—_—+| (.060) 
(.740) (020) (.120} 


we [a ‘ I | (.110) 


(.060) 032 REF. (090) 032 REF. 


(,310) 
, (290) | 


(.400) 
{.150) (290) 


(.125) 


iF (080) 
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SY2114 


MEMORY 
PRODUCTS 


1024x4 Static Random 
Access Memory 


Synertek® 


300 ns Maximum Access 

Low Operating Power Dissipation 
0.1 mW/Bit 

No Clocks or Strobes Required 
Identical Cycle and Access Times 
Single +5V Supply 


The SY2114 is a 4096-Bit static Random Access 
Memory organized 1024 words by 4-bits and is fabri- 
cated using Synertek’s N-channel Silicon-Gate MOS 
technology. It is designed using fully DC stable (static) 
circuitry in both the memory array and the decoding 
and therefore requires no clock or refreshing to 
operate. Address setup times are not required and 
the data is read out nondestructively with the same 
polarity as the input data. Common Input/Output 
pins are provided to simplify design of the bus oriented 
systems, and can drive 2 TTL loads. 


PIN CONFIGURATION 


ORDERING INFORMATION 


Supply 
Order Package Access Current Temperature 
Number Type Time (Max) Range 


SYC2114 Ceramic 450nsec 100mamp 0°C to 70°C 
SYP2114 Molded 450nsec 100mamp O°C to 70°C 
SYC2114-3. Ceramic 300nsec 100mamp O°C to 70°C 
SYP2114-3 Molded 300nsec 100mamp O°C to 70°C 
SYC2114L Ceramic 450nsec 7Omamp 0O°C to 70°C 
SYP2114L Molded 450nsec 7Omamp O°C to 70°C 
SYC2114L-3 Ceramic 300nsec 7Omamp O°C to 70°C 
SYP2114L-3 Molded 300nsec 7Omamp O°C to 70°C 


=) Synertek® e P.O. Box 552 © Santa Clara, CA 95052 


Totally TTL Compatible: 

All Inputs, Outputs, and Power Supply 
Common Data I/O 

400 mv Noise Immunity 

High Density 18 Pin Package 


The SY2114 is designed for memory applications 
where high performance, low cost, large bit storage, 
and simple interfacing are important design objectives. 
It is totally TTL compatible in all respects: inputs, 
outputs, and the single +5V supply. A separate Chip 
Select (CS) input allows easy selection of an individ- 
ual device when outputs are or-tied. 


The SY2114 is packaged in an 18-pin DIP for the 
highest possible density and is fabricated with N- 
channel, lon Implanted, Silicon-Gate technology — a 
technology providing excellent performance charac- 
teristics as well as protection against contamination 
allowing the use of low cost packaging techniques. 


BLOCK DIAGRAM 


MEMORY ARRAY 
64 ROWS 
64 COLUMNS 


ROW 
SELECT 


Hy COLUMN 
1/0 CIRCUITS 


| COLUMN SELECT | SELECT 
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ABSOLUTE MAXIMUM RATINGS 


-10°C to 80°C 
-65°C to 150°C 


Temperature Under Bias 
Storage Temperature 
Voltage on Any Pin with 


SY2114 


COMMENT 


Stresses above those listed under ‘‘Absolute Maximum 
Ratings’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of 


Respect to Ground -0.5V to +7V 
Power Dissipation 1.0W 


the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. 


D.C. CHARACTERISTICS Ty, =0°C to +70°C, Vcc = 5V +5% (Unless Otherwise Specified) 


21 14-3, 2114 {21 14L, 2114L-3 
Parameter | Min | Max | Min | Max | Unit 
10 10 pA 


Symbol Conditions 


Why Input Load Current VIN = 0 to 5.25V 
(All input pins) 
ILO 1/O Leakage Current CS = 2.0V, 
Vi/o = 0.4V to Vcc 
Icc1 Power Supply Current Vcc = 5.25V, 1/9 =O mA, 
TA = 25°C 
Icc2 Power Supply Current Vcc = 5.25V, 11/9 =0 mA, 
TA =0°C 
VIL Input Low Voltage 
VIH Input High Voltage 
Output Low Voltage lOL = 3.2 mA 


Output High Voltage 
CAPACITANCE Ta = 25°C, f = 1.0 MHz 


_ Typ | Max 
Input/Output Capacitance 

| Input Capacitance | | 

NOTE: This parameter is periodically sampled and not 100% tested. 


A.C. CHARACTERISTICS Ta = 0°C to 70°C, Vcc = 5V +5% (Unless Otherwise Specified) 


2114, 21141 
SYMBOL PARAMETER | MIN | MAX | MIN | MAX UNIT 


IOH =-1.0MA 


READ CYCLE 
tRc Read Cycle Time 300 450 nsec 
tA Access Time 300 ~ 450 nsec 
tco Chip Select to Output Valid 100 120 nsec 
tcx Chip Select to Output Enabled 20 20 nsec 
tOTD Chip Deselect to Output Off 0 80 0 100 nsec 
tOHA Output Hold From Address Change 50 50 nsec 
WRITECYCLE 
twc Write Cycle Time 300 450 nsec 
tAW Address to Write Setup Time 0 0 nsec 
tw Write Pulse Width | 150 200 nsec 
twR Write Release Time 0 0 nsec 
tOoTW Write to Output Off 0 80 0 100 nsec 
tow Data to Write Overlap 150 200 nsec 
tDH Data Hold 0 0 nsec 
A.C. Test Conditions 
input Pulse Revels o.es cn dcr dor ba idea ead acacd tren Wham bh waar aturnaee a ot Seah we eames 0.8V to 2.0V 
Mnputsiserane Fall THOME. x 5.4.4 avs ick dim eto hd Steg ecw ad ae ee SS dere Ra tik BES SO Sena Se ox 10 n sec 
Timing: Megsurement Levels: Input’ s..4 va .0o8c ae ReMi aot SSG SO KOU ee eae Beans 1.5V 
OUR DUE fe icen sh ess Sas ee eee he hae ee a oe ee ees 0.8 and 2.0V 
Outputiboad 243.2% boc eo Se ale ao atte BE Se ee ee i a se 1TTL Gate and 100pF 
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@) WE is high for a Read Cycle 
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@ tw is measured from the latter of CS or WE going low to the earlier of CS or WE going high. 


DATA STORAGE 


When WE is high, the data input buffers are inhibited 
to prevent erroneous data from being written into 
the array. As long as WE remains high, the data stored 
cannot be affected by the Address, Chip Select, or 
Data I/O logic levels or timing transitions. 

Data storage also cannot be affected by WE, Addresses, 
or the I/O ports as long as CS is high. Either CS or 
WE or both can prevent extraneous writing due to 
signal transitions. 

Data within the array can only be changed during 
Write time — defined as the overlap of CS low and 
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WE low. The addresses must be properly established 
during the entire Write time plus twr. 


Internal delays are such that address decoding prop- 
agates ahead of data inputs and therefore no address 
setup time is required. If the Write time precedes the 
addresses, the data in previously addressed locations, 
or some other location, may be changed. Addresses 
must remain stable for the entire Write cycle but the 
Data Inputs may change. The data which is stable 
for tpw at the end of the Write time will be written 
into the addressed location. 


RAMs 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
VS VOLTAGE 


SUPPLY CURRENT 


VS TEMPERATURE 
120 TTT 400 
7 Cf} | ie 
z 0S 3 300 
; a ee 
© 
: eS 
ae ae eee a 
20 et] fod 150 
2 3 4 5 6 7 0 20 40 60 80 100 
Vcc (V) Ta (°C) 


ACCESS TIME VS 
TEMPERATURE 


INPUT VOLTAGE LIMITS 
VS TEMPERATURE 


ta (nsec) 


VIN (V) 
ta (nsec) 


PACKAGE DIAGRAM 


CERAMIC PACKAGE 


2114L-3,2114-3 
4.5 50 5 


SY2114 


ACCESS TIME VS 
VOLTAGE 


ACCESS TIME VS 
CAPACITIVE LOAD 


MOLDED PACKAGE 
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4096 x 1 Dynamic 
Random Access Memory 


SY4050 


MEMORY 
PRODUCTS 


Synertek® 


@ 4096 x 1 Organization 
@ 18-Pin Package 
@ Multiplexed Data Input/Output 
3 Performance Ranges: 
READ, 
READ OR MODIFY 
ACCESS WRITE WRITE 
TIME CYCLE CYCLE 
(MAX) (MIN) (MIN) 
SY4050 300ns 470ns 730ns 
SY4050-1 250ns 430ns 660ns 
SY4050-2 200ns 400ns 600ns 


The SY4050 series is composed of high speed dynamic 
4096-bit MOS random access memories, organized as 
4096 one-bit words. N-channel silicon-gate technology 
is employed to optimize the speed/power/density 
trade-off. Three performance options are offered: 
300ns access for the SY4050, 250ns for the SY4050-1, 
and 200ns for the SY4050-2. These options allow the 
system designer to more closely watch the memory 
performance to the capability of the processor. 


All inputs except the chip enable are fully TT L-com- 
patible and require no pull-up resistors. The input 
buffers allow a minimum 200 mV noise margin when 


PIN CONFIGURATION 


CHIP 
ENABLE 


ORDERING INFORMATION 


Order Package Access Temperature 
Number Type Time Range 


SYP4050 Plastic DIP 300nsec O0°C to 70°C 
SYC4050 Ceramic DIP 300nsec O0°C to 70°C 
SYP4050-1 Plastic DIP 250nsec O°C to 70°C 
SYC4050-1 Ceramic DIP 250nsec O°C to 70°C 
SYP4050-2 Plastic DIP 200nsec O°C to 70°C 
SYC4050-2 Ceramic DIP 200nsec O0°C to 70°C 


Ss Synertek® ® 


P.O. Box 552 e 


ADD BUFFER 


ROW DECODE 


INTERNAL 
S 
CLOCK GEN fe COLUMN SENSE 


ROW DECODE 


Santa Clara, CA 95052 
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Full TTL Campatibility on All Inputs (No Pull- 
Up Resistors Needed) 
Registers for Addresses Provided on Chip 
Open-Drain Output Buffer 
Single Low-Capacitance Clock 
Low-Power Dissipation 

— 420 mW Operating (Typical) 

— 0.1 mW Standby (Typical) 
N-Channel Silicon-Gate Technology 


driven by aseries 74 TTL device. The T TL-compatible 
open-drain buffer is guaranteed to drive 1 series 74 
TTL gate. The low capacitance of address and control 
inputs precludes the need for specializided drivers. 
The SY4050 series uses only one clock (chip enable) 
to simplify system design. The low-capacitance chip 
enable input requires a positive voltage swing (12 
volts), which can be driven by a variety of widely 
available drivers. The data input and output are multi- 
plexed to facilitate compatibility with a common bus 
system. A 12 line address is available, which min- 
imizes external control logic and optimizes system 
performance. 


BLOCK DIAGRAM 


COLUMN DECODE 


COLUMN AMP 
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CELL MATRIX 
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ABSOLUTE MAXIMUM RATINGS COMMENT 
Supply voltage, Vpp (see Note 1) .... -0.3 to 20V Stresses above those listed under ‘‘Absolute Maximum 
Supply voltage, Vss (see Note 1)..... -0.3 to 20V Ratings’’ may cause permanent damage to the device. 
All input voltages (see Note 1) ...... -0.3 to 20V This is a stress rating only and functional operation of 
_ Chip enable voltage (see Note 1) ...... -0.3 to 20V the device at these or any other condition above 
Output voltage (operating with those indicated in the operational sections of this 
respect to VSS)... 2... eee ee ees -2to 7V specification is not implied. Exposure to absolute 
Operating free-air temperature range .. 0°C to 70°C maximum rating conditions for extended periods 
Storage temperature range ...... -55°C to 150°C may affect device reliability. 


NOTE: 1. Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vpp (substrate), 
unless otherwise noted. Throughout the remainder of this data sheet, voltage values are with respect to Vss. 


RECOMMENDED OPERATING CONDITIONS Ta, = 0° to 70°C 


Supply voltage, V|pp 11.4 12 12.6 V 
Supply voltage, Vss 0 V 
Supply voltage, VBpB -4.5 -5 5.5 V 
High-level input voltage, Vj} (all inputs except chip enable) 2.2 5.5 V 
High-level chip enable input voltage, VjH(CE) Vpp -0.6 Vpp +1 V 
Low-level input voltage, V|_ (all inputs except chip enable) (see Note 2) -0.6 0.6 V 
Low-level chip enable input voltage, V|_L(CE) (see Note 2) -1 0.6 V 
Refresh time, trefresh 2 ms 


NOTE 2: The algebraic convention where the most negative limit is designated as minimum is used in this data sheet for logic 
voltage levels only. 


ELECTRICAL CHARACTERISTICS Over full ranges of recommended operating conditions, 
Ta =0° to 70°C (unless otherwise noted) 


= guaranteed maximum access time, 24 Vv 
RL = 2.2 kQ to 5.5V, Cy =50 pF, 
| Load = 1 series 74 TTL gate VSS re 
tewioainionceet [Seorvgueene |e] 
IOL Low-level output current 5 mA 
CL =50pF, Voz =0.4V 
focamameaa—weeweey || Le i 
[/O except chip enable) j 


Mev = _ 
IDD _| Supply current from Vpp VIH(CE) = 13.2V 4050-1 mA 


40502 | | 35 | 70 
IDD Supply current from Vpp, standby | VjL(CE) = 0.6V | | 10 | 200 | LA 
32 


Average supply current from Vpp 


High-level output voltage 
Low-level output voltage 


IDD(av) ' : | 35 mA 
during read or write cycle _ 
Minimum cycle 4050-2 38 
timi 4 
Average supply current from Vpp mee ibe = 
IDD(av) 35 mA 


during read, modify write cycle 


VpB = -5.5V, Vpp= V, 
Supply current from Veg = ov DD tee ie tee LA 
Ss = 


NOTE 1: All typical values are at Ta = 25°C. 
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Capacitance at VDp = 12V, Vss = OV, Ve = -5V, VI(CE) = OV, Vj = OV, f = 1MHz, 
Ta =0°C to 70°C (Unless otherwise noted) 


[input capacitance addrewinpute | 
Vi(CE) = 12V 
ae 


Input capacitance clock input 


Input capacitance read/write input 


1/O terminal capacitance 


Ci(CE) 


NOTE 1: All typical values are at Ta = 25°C. 


Write cycle timing requirements over recommended supply voltage range, TA = O°C to 70°C. 


Parameter 


te(wr) Write cycle time ns 
tw(CEH) Pulse width, chip enable high ns 
tw(CEL) Pulse width, chip enable low ns 
tw(wr) Write pulse width ns 
tr(CE) Chip enable rise time ns 
t#(CE) Chip enable fall time ns 
tsu(ad) Address setup time ns 
tsu(da-wr) Data-to-write setup time™ ns 
tsu(wr) _—'|_-‘Write-pulse setup time ns 
td(CEH-wr) | Chip-enable-high-to-write delay timet ns 
th(ad) Address hold time ns 


th(da) Data hold time 


‘t | The arrow indicates the edge of the chip enable pulse used for reference: t for the rising edge, | for the falling edge. 
*1# R/W is low before CE goes high, then I/O (data in) must be valid when CE goes high. 


tThe write pulse must go low at least tsy (wr) Minimum before CE goes low. If R/W remains high more than td(CEH-wr) Maximum 
(40 ns) after CE goes high, the data-in driver must be disabled until R/W goes low since additional power to overcome the output 
buffer may be required when writing in a high with some of the faster devices (see comments on Region 1 under read, modify write 
timing diagram). 


WRITE CYCLE TIMING 
SSS SS Se SS SS 


tw(CEH) ——————_> tw(CEL) 


CHIP ENABLE, CE > <— tr(CE) li tf(CE) 
Ag POSS SO BOO OOO OOo V, 
. Cm 4 OX XK 
ADDRESS, A0-A11 SOM | SRR RRR SORES OS SK 
Ww $eey SOP SODON'T CARE XO 
READ/WRITE, RW SSN SAR CARE QRWN 


© 


—) tsu(da-wr) th(da) 
SOSOSO SON NONE FECCOSEe: 7 7 7 47 eXxxK™X) 
’ ‘ Wd, ‘ OX 
DATA INPUT/OUTPUT, VO DONT CARER OWT carer 


NOTE: For the chip enable input, high and low timing points are 3.0V (high) and 1.0V (low). Other timing points 
are 0.6V (low) and 2.2V (high). Output timing points are 0.4V (low) and 2.4V (high). 

*The write pulse must go low at least tej (yr) Minimum before CE goes high. If R/W remains high more than 
td(CEL wr) Maximum (60 ns) after CE goes low, the data-in driver must be disabled until R/W goes low since 
additional power to overcome the output buffer may be required when writing in a high with some of the faster 
devices. During tq(CEH-wr), R/W is permitted to change from high to low only. 
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Read cycle timing requirements over recommended supply voltage range, Ta = 0°C to 70°C. 


Parameter 


te(rd) Read cycle time ns 
tw(CEH) Pulse width, chip enable high 260 ns 
tw(CEL) Pulse width, chip enable low 

tr(CE) Chip enable rise time 40 

t#(CE) Chip enable fall time 40 

tsu(ad) Address setup time 

tsu(rd) Read setup time 

th(ad) Address hold time | 

th(rd) Read hold time 


t) The arrow indicates the edge of the chip enable pulse used for reference: t for the rising edge, | for the falling edge. 


Read cycle switching characteristics over recommended supply voltage range, TA = 0°C to 70°C. 


Parameter 


Access time from chip enable” 
Access time from addressest 

Propagation delay time, low-to-high 
level output from chip enable” 


ta(ad) 
tPLH 


*Test conditions: C_ = 50 pF, Ry = 2.2 kQ to 5.5 V, Load = 1 Series 74 TTL gate. 
tTest conditions: C_ = 50 pF, Ry = 2.2 kQ to 5.5 V, Load = 1 Series 74 TTL gate, tr(cE) = 20 ns. 


READ OR REFRESH CYCLE TIMING 


te(rd) 
tw(CEH) tw(CEL) 


CHIP ENABLE, CE tr(CE) , t4(CE) 


ADDRESS, A0-A11 


tsu(rd) th(rd) 


= Ore ed \7 \7 xXx xd 
OXY VOX) Gj 
READ/WRITE, R/W x¥ ta(CE) : Serereterete 


\ DATA OUT VALID V, 
DATA INPUT/OUTPUT, 1/0 


<¢——____——_——- ta(ad) 


NOTE: For the chip-enable input, high and low timing points are 3.0V (high) and 1.0V (low). Other timing points 
are 0.6V (low) and 2.2V (high). Output timing points are 0.4V (low) and 2.4V (high). 
For minimum cycle, t,(GE) and t¢(CE) are equal to 20 ns. 
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Read, modify write cycle timing requirements over recommended supply voltage range, T A = 0°C to 70°C. 


te(RMW) Read modify write cycle timet 

tw(CEH) Pulse width, chip enable hight ns 
tw(CEL) Pulse width, chip enable low ns 
tw(wr) Write pulse width ns 
tr(CE) Chip enable rise time ns 
t#(CE) Chip enable fall time ns 
td(wr-da L) | Write to data-in-low delay time ns 
tsu(ad) Address setup time ns 
tsu(daH) Data-in-high setup time ns 
tsu(rd) Read-pulse setup time ns 
tsu(wr) Write-pulse setup time ns 
th (ad) Address hold time ns 
th(rd) Read hold time ns 


th(da) Data hold time 


+t The arrow indicates the edge of the chip enable pulse for reference: t for the rising edge; | for the falling edge. 


t Test conditions: t¢(pq) = 20 ns. 


Read, modify write cycle switching characteristics over recommended supply voltage range, TA = 0°C to 70°C. 


Access time from chip enable” 


Symbol 


Access time from addressest 


* Test conditions: C_ = 50 pF, Ry = 2.2 kQ, Load = 1 Series 74 TTL gate. 
t Test conditions: C_ = 50 pF, Ry, = 2.2 k2, Load = 1 Series 74 TTL gate. t-(cE) = 20 ns. 


READ, MODIFY WRITE CYCLE TIMING 


te(RMW) 


tw(CEH) ————___-_—————— tw(CEL) 


tr(CE) 
th(ad) 


<— tf(CE) 


CHIP ENABLE, CE me’ 


> tsu(ad) 
XXX3 RA A KAKA AKA XK KK XK KR KA KAKA KAKAK KK MM KX) 
ADDRESS, A0-A11 SX > FT RSS DON'T CARE MKC OS 
Sees BSS DKK KK RRR 55 G50 


OXF . Kx<< AA? 
READ/WRITE, R/W xy £250 
— tsu(rd) 


ta(CE) 
ta(ad) 


Sete Ie. ROSEN] _orvario AO 
OUTPUT, I/O OQ OOK, DIVALID AX \y 


REGION 1 REGION 2 


t 
td (wr-daL) su(dal) 


REGION 1 In region 1, data-out is valid until the 1/O terminal is forced high or low by the data-in driver. A transition from low 
to high is permissible but additional power to overcome the output buffer is required. A transition from high to low 
is permitted without power penalty. 


REGION 2 In region 2 a single transition is permitted. It is NOT a true “Don’t Care”’ region. If a low is to be written it must be 
read by the end of region 2. 


NOTE: For the chip enable input high and low timing points are 90% and 10% of Vi}4(CE). Other input timing points are 0.6V 
(low) 2.2V (high). Output timing points are 0.4V (low) and 2.4V (high). 


For minimum cycle, tr(cE) and t¢(cE) are equal to 20ns. 
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CMOS 256 x 4 Static 
Random Access Memory 


SY5101 


MEMORY 
PRODUCTS 


Synertek® 


Very Low Power — 100mW operating 
— 50uUW standby 
Pin compatible with SY2101 RAM-operates in 
same sockets 
Standby operation whenever chip is not selected 


The SY5101, a 256 word x 4 bit CMOS static RAM is 
a low power pin-for-pin replacement for the industry 
standard 2101. The device is fabricated with Syner- 
tek’s silicon gate, ion implanted CMOS process which 
allows production of very low power, high perform- 
ance memories. 


The 5101 is a completely static design, requiring no 
refresh or clocks. Low standby power can be achieved 
without external power down circuits—whenever the 
device is not enabled (CE2 = Logic 0) minimum stand- 
by current is drawn from the +5 volt supply. To sim- 
plify design of systems using battery backup for non 
volatility, the SY5101L will also maintain memory 
storage at supply voltages as low as 2.0 volts. 


PIN 
CONFIGURATION 


Single +5V power supply 

Power Down (2 volt) memory retention 

Totally TTL compatible—inputs and outputs 
3-state output 


An output disable input controls the 3-state output 
to make construction of large memory systems sim- 
ple. Write and Read cycles are selected by applying 
the appropriate logic signal to the RAW input with 
Vcc at +5 volts. 


The 5101 is intended for use in memory systems using 
battery backup and/or power down techniques in or- 
der to reduce standby power dissipation and in bat- 
tery powered systems where low operating power is 
needed. The 5101 will extend battery life in an exist- 
ing 2101 design and will also permit the elimination 
of expensive power down circuits. 


BLOCK DIAGRAM 


CELL ARRAY 
32 ROWS 


32 COLUMNS 


— L— 
COLUMN 1/0 CIRCUITS 
COLUMN SELECTOR 
A Ii 
GOO 


°oD01 

ORDERING INFORMATION om 

Order Access Standby 2.0 Volt As Ae A? Pe. p03 

Number Time Current Memory r 

puA/Device Retention Le oDO4 

SYP5101L-3 65O0nsec 200 Yes 
SYC5101L-3 650nsec 200 Yes 6) = PIN NUMBERS 

SYP5101L 650nsec 10 Yes 
SYC5101L 650nsec 10 Yes 
SYP5101L-1 450nsec 10 Yes 
SYC5101L-1 450nsec 10 Yes 
SYP5101-8 800nsec 500 No 
SYC5101-8 800nsec 500 No 


— | Synertek e P.O. Box 552 e Santa Clara, CA 95051 e Telephone (408) 984-8900 e 
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ABSOLUTE MAXIMUM RATINGS 


0°C to 70°C 
-~65°C to + 150°C 


Ambient Temperature Under Bias 

Storage Temperature 

*Voltage on Any Pin | 
With Respect to Ground -0.3V to Vcc +0.3V 

Maximum Power Supply Voltage +7,0V 

Power Dissipation 1 Watt 


*Note: During application of power care must be ta- 


~SY5101 


COMMENT 


Stresses above those listed under ‘“Absolute Maximum 
Rating’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of 
the device at these or at any other condition above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
rating conditions for extended periods may affect de- 


ken to assure that the input voltage on any pin (Vin) vice reliability. 


is constrained as follows: -0.3V < Vin S Vcct0.3V 


D.C. CHARACTERISTICS ty, =0°C to 70°C, Voc = 5V +5% unless otherwise specified. 


5101L and 5101L-1 5101L -3 5101-8 
Limits Limits Limits 
Symbol Parameter Min. Typ.{1] Max. | Min. Typ.{1] Max. | Min. Typ.[1] Max. 


Ee ee 
1LO[2] Output Leakage Current 2 uA |CE1 =2.2V, VOUT = 
0to VCC 


Test Conditions 


Icc1 Operating Current 
CE1 <0.65V, 
Outputs, Open 

mA {VIN = 2.2V, Except 
CE1 <0.65V, 
Outputs Open 


ICCL[2] | Standby Current uA |CE2 <0.2V, TA= 
70°C 


VIL Input Low Voltage 


VIH | Input High Voltage | 2.2 Vcc | 2.2 Vcc | 2.2 vec} V | 
4A 


ICcC2 Operating Current 


VoL [OuputtowVeltags | oat —~—~S—iaA | SC~Ct AV ‘= 2m 
VoH | Output High Vottoge lOH= =O mA 


Low Vcc Data Retention Characteristics (For 5101L, 5101L-1 and 5101L-3) Tp, = 0°C to 70°C 


Symbol Parameter Min. | Typ.[1] | Max. | Units Test Conditions 
2 


ICCDR1 | 5107L or 5101L-1 Data Retention 0.14 
Current 


VpR=2.0 V, 
Ta= 70°C 


ICCDR2 | 5101L-3 Data Retention Current 0.70 HA VprR=2.0V, 
Ta=70°C 


tCDR Chip Deselect to Data Retention Time 


tR Operation Recovery Time 


NOTES: 
1. Typical values are Tp = 25°C and nominal supply voltage. 


2. Current through all inputs and outputs included in |cc1, measurement. 
3. tro = Read Cycle Time. 


Low Vcc Data Retention Waveform 


DATA RETENTION 
MODE 


SUPPLY 
VOLTAGE (Vcc) 


CHIP ENABLE (CE2) (q) 
OV ee me ae ae 
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A.C. CHARACTERISTICS Ta = 0°C to 70°C, Vcc = 5V +5% unless otherwise specified. 
READ CYCLE 


5101L and 
5101L-1 5101L-3 5101-8 
Limits (ns) Limits (ns) Limits (ns) 
Symbol Parameter in. : in. : Min. Max. 


tDpF Data Output to High Z State 200 
tOH1 Previous Read Data Valid with 0 
Respect to Address Change 
0 


tOH2 Previous Read Data Valid with 
Respect to Chip Enable 


WRITE CYCLE 


TIMING DIAGRAMS 


READ CYCLE 


{we 


ADDRESS ADDRESS 


CE2 


DATA 


NOTES: 
1. During the write cycle, OD is a logical 1 for common 
1/0 and ‘‘don’t care’”’ for separate |/O operation. 
2. OD may be tied low for separate I/O operation. 


R/W 


CAPACITANCE? Ta = 25°C, f= 1 MHz 


Symbol 
Input Capacitance (All Input Pins) Vins = OV 


Output Capacitance VOUT = OV 


Note 3: This Parameter is periodically sampled and is not 100% tested. 
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PACKAGING DIAGRAM 


CERAMIC PACKAGE PLASTIC PACKAGE 


7 (1,100) Pts 
(1,055) | 
Bl (450) 

(360) | | 
| 

PINNO 1 

IDENT (380) ( 400) (.360) 

. ( 290) (.380) (.340) 

Ne __lre 
1 j PIN NO. 1 
: IDENT poeeen Lees 
(145) 
(065) -| e (.120) ee ee (.120) (.410) 
1,090 ag) 
(.040) | | - (.060) Po (390) 
- (020) 
I (.015) (.015) 
(.008) (008) 
(.110) (.021) 1 (.150) | (.420) - 
- - (.090) (.015) ™ |/~ (125) ie (.390) (a00) . 
is on L068 
(.023) {.090) 
(,015) 032 TYP. 
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CMOS 1024 x1 Static SY5102 


Random Access Memory 


MEMORY 
PRODUCTS 


Synertek® 


@ Very Low Power — 100mW operating 
—  1ImW standby 
@ Pin compatible with SY2102 RAM-operates in 
same sockets 
@ Standby operation whenever chip is not selected 


The SY5102, a 1024 word x 1 bit CMOS static RAM 
is a low power pin-for-pin replacement for the industry 
standard 2102. The device is fabricated with Synertek’s 
silicon gate, ion implanted CMOS process which allows 
production of very low power, high performance 
memories. 


The 5102 is a completely static design, requiring no 
refresh or clocks. Low standby power can be achieved 
without external power down circuits—whenever the 
device is not enabled (CE=Logic1) minimum standby 
current is drawn from the +5 volt supply. To simplify 
design of systems using battery backup for non vola- 
tility, the SY5102L will also maintain memory storage 
at supply voltages as low as 2.0 volts. 


PIN 
CONFIGURATION 


DATA OUT 
DATA IN 


ORDERING INFORMATION 


2.0 Volt 
Order Access Temperature Memory 
Number Package Time Range Retention 


SYC5102-3. Ceramic 650nsec O0°C to +70°C No 
SYC5102L-3 Ceramic 650nsec O0°C to +70°C Yes 
SYP5102-3 Plastic 650nsec § 00°C to +70°C No 
SYP5102L-3 Plastic 650nsec 0°C to +70°C Yes 


Single +5V power supply 

Power Down (2 volt) memory retention 
Totally TTL compatible—inputs and outputs 
3-state output 


A Chip Enable input controls the 3-state output to 
make construction of large memory systems simple. 
Write and Read cycles are selected by applying the 
appropriate logic signal to the R/W input with Vcc 
at +5 volts. 


The 5102 is intended for use in memory systems 
using battery backup and/or power down techniques 
in order to reduce standby power dissipation and in 
battery powered systems where low operating power 
is needed. The 5102 will extend battery life in an 
existing 2102 design and will also permit the elimina- 
tion of expensive power down circuits. 


BLOCK DIAGRAM 


CELL 
ROW ARRAY 
SELECTOR 32 ROWS 
32 COLUMNS 


COLUMN SELECTOR 


Y RRRRE 


6 


PRELIMINARY DATA SHEET. Subject to change. Supplemental data may be released at a later date. Synertek reserves the right to 
make changes in these specifications at any time without notice. 
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ABSOLUTE MAXIMUM RATINGS | 


-10°C to 80°C 
-65°C to +150°C 


Ambient Temperature Under Bias 
Storage Temperature 
*Voltage on Any Pin 
With Respect to Ground -0.3V to Vcc +0.3V 
Maximum Power Supply Voltage +7.0V 
Power Dissipation 1 Watt 


*Note: During application of power care must be taken to 
assure that the input voltage on any pin (Ving) is constrained 


as follows: _ ‘ 
O.3V< Vin < Voc +0.3V 


D.C. CHARACTERISTICS 


SY5102: 


COMMENT 
Stresses above those listed Under ‘‘Absolute Maximum _ 
Rating’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of 
the device at these or at any other condition above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
rating conditions for extended periods may affect 
device reliability. 


Ta = 0°C to +70°C, Vcc = 5V £5% (Unless Otherwise Specified) (For SY5102-3, 5102L-3) 


Symbol 


a Input Current 

ILO Output Leakage Current 
Icc1 Supply Current 

Icc2 Supply Current 

Iccu! Standby Supply Current 
VIL Input Low Voltage 

VIH Input High Voltage 
VOL Output Low Voltage 
VOH Output High Voltage 


NOTE 1: Includes la and lo 


[min ToT [| o| 


Test Conditions 


CE = 2.0V; VouT = OV to Vcc 

VIN=Vcc Except CE <0.8V 
Output Open 

VIN=2.0V Except CE <0.8V 
Output Open 


CE = Vcc; Vcc = 5.25V 


loL = 2.0mA 
IOH = 1.0mMA 


LOW Vec DATA RETENTION CHARACTERISTICS 
Ta = 0°C to +70°C (For SY5102L-3) | 


IDR ne 
tCDR Data Retention Lead Time 
tr Operation Recovery Time 


NOTE 2: trc is Read Cycle Time 


Test Conditions 


E=Vpr, VIN=VDR 
E=Vpr, VIN= VDR 


DATA RETENTION 


5 


A.C. CHARACTERISTICS Ta = 0°C to 70°C, Vcc = 5V £5% unless otherwise specified 


Symbol 

READ CYCLE 

tRc Read Cycle ns 

tA Access Time ns 

tco Chip Enable to Output Time ns 

tOH1 Previous Read Data Valid with Respect ns 
to Address Change 

tOH2 Previous Read Data Valid with Respect ns 
to Chip Enable Change 

WRITE CYCLE 

twec Write Cycle ns 

tAW Address to Write Setup Time ns 

twp Write Pulse Width ns 

twWR Write Recovery Time ns 

tDpWw Data Setup Time ns 

tDH Data Hold Time ns 

tcw Chip Enable to Write Setup Time ns 


A.C. TEST CONDITIONS 


Input Pulse Levels: +0.8V to 2.0V Timing Measurement Reference Level: INPUT: 1.5V 
OUTPUT: 0.8 and 2.0V 
Input Pulse Rise and Fall Times: 20nsec Output Load: 1 TTL Gate and Cy = 100 pF 
WAVEFORMS 
READ CYCLE WRITE CYCLE 


——_____________ trac 


twe 
tco twrR 
t 
CHIP cw 
ENABLE | CHIP 


‘OHa ENABLE 


DATA 


ar Ts 
WRITE 


(1) 1.5 VOLTS ae 
(2) 2.0 VOLTS 'OHy aren = 

| DATA CAN ATA.CAN 
@) 08 voLTs IN CHANGE DATA STABLE CHANGE 


CAPACITANCE? Ta = 25°C, f = 1 MHz 


Input Capacitance (All Input Pins) Vin = OV 
Output Capacitance VOUT = OV 


Note 3: This Parameter is periodically sampled and is not 100% tested. 


Symbol 


| Typ. | Max. | 
3 5 
7 10 


3-63 


SY5102 


RAMs 


5 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
VS. VOLTAGE 


VeclV) 


INPUT VOLTAGE LIMITS 
VS. TEMPERATURE 


VIN (V) 
0 25 50 75 100 
Ta (°C) 
ACCESS TIME VS. 
TEMPERATURE 
ta (nsec) 


SY5102 


SUPPLY CURRENT VS. 
TEMPERATURE 


Tp (°C) 


OUTPUT CURRENT VS. 
OUTPUT VOLTAGE 


Vo (V) 


CHIP SELECT TO OUTPUT TIME 
VS. TEMPERATURE 
700 


600 


tco (nsec) 500 
400 


300 


TCC) 


PACKAGING DIAGRAM 


CERAMIC PACKAGE 


ae oe (.060) 


| 


(.060) .032 REF. (0907 


PLASTIC PACKAGE 


PIN NO. 1 
IDENT. 


(090) 


.032 REF. 
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512x8 Static _ SY2530 


> Read Only Memory acadenenn 
PRODUCTS 


Single +5 Volt Supply — No -12 Volt Supply Totally Static Operation 

Up to 75% Power Reduction Over PMOS Part Completely TTL Compatible 

Two Week Prototype Turnaround On-Chip Address Registers 

512x8 Bit Organization Two Programmable Output Enables 

Access Time — 550ns. (max.) Three-State Output for Wire-OR Expansion 
Synchronous or Asynchronous Operation Replaces Signetics 2530 


The SY2530 high performance read only memory is supply current. This SY2530 dissipates only 30% on 
organized 512 words by 8 bits. This device is designed the power of the P-channel competitive device. 

to be compatible with all microprocessor and similar 
memory applications where large bit storage and 
simple interfacing are important. Synertek’s N-channel 
ion-implanted silicon gate process eliminates the -12 
Volt supply requirement, producing a completely 
TTL compatible ROM without increasing the +5 Volt 


Clocking the Address Read (AR) input stores the 
applied address information in the address registers. 
The outputs appear and remain stable until a new 
address is read. If the AR input is tied LOW, output 
data asynchronously appear 550ns after the applica- 
tion of a new address. 


PIN CONFIGURATION BLOCK DIAGRAM 


Vcc Vpo VGG 


} a 4 


(N.C.) 


4096 BIT 
ROW 
CELL ARRAY 


ROW DECODER 
(1 OF 64) 
OUTPUT BUFFERS 


e 
1 

2 

3 
4 
5 
6 
7 
8 
9 


Veo (NC}L_412 COLUMN DECODER OUTPUT 
O (1 OF 8) ENABLE 
DECODER 


OO . OL 
OE1/OE1 O€&2/OE2 


ORDERING INFORMATION 


Order Package Access Temperature 
Number Type Time Range 


SYC2530 Ceramic 500ns 0O°C to +70°C 
SYP2530 Plastic 500ns 0°C to +70°C 


A custom number will be assigned by Synertek. 
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ABSOLUTE MAXIMUM RATINGS COMMENT 
Ambient Operating Temperature 0° to +70°C Stresses above those listed under “‘Absolute Maxi- 
Storage Temperature 65°C to +150°C mum Ratings’’ may cause permanent damage to the 
device. These are stress ratings only. Functional 
Supply Voltage to Ground Potential -0.5V to +7.0V operation of this device at these or any other condi- 
Applied Output Voltage -~-0.5V to +7.0V tions above those indicated in the operational sec- 
i tions of this specification is not implied and exposure 
Applied Input Voltage ~0.5V to +7.0V 


to absolute maximum rating conditions for extended 
Power Dissipation 1.0W periods may affect device reliability. 


D.C. CHARACTERISTICS 
Ta =0°C to +70 C, Vec = 5.0V + 5% (unless otherwise specified) 


Output HIGH Voltage 2.4 Vcc 


Test Conditions 


Vcc = 4.75V, loH = —200 uA 


VoL Output LOW Voltage Vcc = 4.75V, loH = 2.4 mA 
VIH Input HIGH Voltage 
VIL Input LOW Voltage See Note 1 
Ht Input Load Current Vcc = 5.25V, OV < Vin < 5,.25V 
ILo Output Leakage Current Chip Deselected 

Vout = +0.4V to Vcc 
Icc Power Supply Current Output Unloaded 


Vcc = 5.25V, Vin = Vcc 


Note 1: Input levels that swing more negative than —O.5V will be clamped and may cause damage to the device. 


A.C. CHARACTERISTICS 
Ta = 0°C to +70°C, Vcc = 5.0 V + 5% (unless otherwise specified) 


CLOCKED MODE TIMING SPECIFICATIONS (See Figure 1) 


Symbol Test Conditions 


tc Cycle Time ns Output load: 1.5 TTL gates 
tacci Address to Output Access ns and 100pf 

Time Input transition time: 20ns 
tacc2 End of AR to Output Delay Timing reference levels: 
tew AR LOW Pulse Width Input: 1.5V 
tao Address Delay Time Output: 0.4V and 2.4V 
TAG Address to AR Gap. 
tarp Previous Data Valid After 


AR Negative Transition 


Vz ~ eS OOO 
VALID Y Kae isto BOS 
{my WRK KS XR 
OX KX OX KK 
OX SIRVALID 5S 
a teteU Net atatahetes 


RERKKK KSI 
OVD? SO$OQ 
SRY Inia KO 


LK 


ADDRESS 
INPUTS 


VALID X VALID 2 


DATA 
OUTPUT 


X VALID Y 


VALID W 
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UNCLOCKED MODE TIMING SPECIFICATIONS (See Figure 2) 


Symbol Parameter Test Conditions 


AR = Vcc 
See clocked mode timing 
specifications 


Cycle Time 
Address Access Time 

Previous Data Valid After 
Address Change Delay 


tacc 
TOH 


FIGURE 2 — UNCLOCKED MODE TIMING DIAGRAM 
(AR = Vcc) 


RS Rers a eEERICaN| 
ADDRESS 
INPUTS VALID X VALID Y VALID Z 


RIO RRR Sep N tae 
OOOO x Oh 


DATA 
OUTPUTS 


VALID X 


tacc 


Parameter 


Output Enable Delay 
Output Disable Delay 


See clocked mode timing 
specifications 


FIGURE 3 — OUTPUT ENABLE TIMING DIAGRAM 
(CLOCKED OR UNCLOCKED MODES) 


<2 ALLIS 
EyaeLee <Y y ENABLED EXE &, 


AL OQ x x KK xX X 
Se te 


DATA 
OUTPUTS HIGH IMPEDANCE OUTPUT VALID HIGH INPEDANCE 


CAPACITANCE 
ta = 25°C, f = 1.0MHz, See Note 2 


Parameter Test Conditions 


Input Capacitance 
Output Capacitance 10 


Note 2: This parameter is periodically sampled and is not 100% tested. 


All pins except pin under 
test tied to AC ground 


TYPICAL CHARACTERISTICS 


ACCESS TIME VS. CAPACITIVE LOAD ACCESS TIME VS. SUPPLY VOLTAGE SUPPLY CURRENT VS. AMBIENT TEMPERATURE 


Icc —mA 


tacc — ns 
tacc — ns 


Ta = 25°C 


a 1 TTL LOAD 
Le 
0 0 

0 100 200 300 400 500 600 700 3.5 40 45 50 55 60 65 7.0 
Ci — pF Vcc — Volts Ta — AMBIENT TEMPERATURE — °C 


300 ae eas TYPICAL ear 


1 TTL LOAD 
Cu = 100 pF 
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SY2530 


PROGRAMMING INSTRUCTIONS 


All Synertek read only memories utilize computer aided techniques 
to manufacture and test custom bit patterns. The custom bit pattern 
and address information is supplied on standard 80 column com- 
puter cards in the format described below. | 


All addresses and related output patterns must be completely de- 
fined. Each deck of cards defining a specific ROM bit pattern 
consists of 1) four Title Cards and 2) address and bit pattern Data 
Cards. Positive logic is generally used on all input cards: a logic “1” 
is the most positive or HIGH level, and a logic “0” is the most nega- 
tive or LOW level. Synertek can also accept ROM data in other 
formats, compatible with most microprocessors and PROMS. Con- 
sult your Synertek representative for details. 


TITLE CARDS 


A set of four Title Cards should accompany each data deck. These 
cards give our computer programs additional! information necessary 
to accurately produce high density ROMS. These four Title Cards 
must contain the following information: 


COLUMN INFORMATION 

First Card 1-10 Data format, Signetics punched card 
format may be used. Specify by punch- 
ing “SIGNETICS,” starting name at 
column one. 

Second Card 1-10 CARD 

Third Card 1-10 | Synertek part number; punch “2530.” 

Fourth Card 1-10 Leave blank — pattern number to be 


assigned by Synertek 


COLUMN INFORMATION 
Fifth Card 1-5 “2530N” or “25301” 
15-19 Punch “CODED” 


21 CS2/CS2 chip select logic level (if LOW 
selects chip, punch “0”: if HIGH selects 
chip, punch ‘'1"") 

22 CS1/CS1 chip select logic level 


24-71 Customer company name 
73-80 Date 
Sixth Card 1 os Oe 
3-80 Person responsible for reviewing truth 
table and company name 
Seventh Card 1 = 
3-80 Customer street address 
Eighth Card 1 Gt 
3-80 Customer city, state, zip 


SIGNETICS DATA CARD FORMAT » 


A\l addresses are coded in decimal form (0 through 511). All output 
words are coded in binary form. Output 8 (Os) is the MSB, and 
Output 1 (O1) is the LSB. The eight Title Cards listed above must 
accompany the card deck: 


COLUMN INFORMATION 


Data Cards 1-3 Decimal! address (blank, blank, 0). 
5-12 ~ 8-digit binary output (MSB-left) 


21-23 Decimal address, (blank, blank, 1). 
25-32 8-digit binary output (MSB-left) 
41-43 Decimal address, (blank, blank, 2). 
45-52 8-digit binary output (MSB-left) 
61-63 Decimal address, (blank, blank, 3). 
65-72 8-digit binary output (MSB-left) 


Send bit pattern data to the following special address: 
Synertek — ROM 
P.O. Box 552 
3050 Coronado Drive 
Santa Clara, CA 95051 


PACKAGING DIAGRAM 


CERAMIC PACKAGE 


PIN NO. 1 
IDENT. 


PLASTIC PACKAGE 


Sg Synertek® e P.O. Box 552 e Santa Clara, CA 95052 e Telephone (408) 984-8900 ©® TWX: 910-338-0135 


4-6 


2048x8 Static 
> Read Only Memory- SY2316B ) 


Synertek’ 


SY2316A 


pA BONY SOL IAPRIOS CAM HA aan RnR <Mton m Nnn AeA nner 


OP LASER ISSIR SARIS TERI LO OTOOPENOAA DD HUD OW LIA AIREY RAIN IA OUI Caled 


MEMORY 
PRODUCTS 


2048x8 Bit Organization 

Single +5 Volt Supply 

Metal Mask Programming 

Two Week Prototype Turnaround 
Access Time—550ns /450ns (max.) 
Totally Static Operation 


The SY2316A and SY2316B high performance read 
only memories are organized 2048 words by 8 bits 
with access times of less than 550 ns and 450 ns. 
These ROMs are designed to be compatible with all 
microprocessor and similar applications where high 
performance, large bit storage and simple interfacing 
are important design considerations. These devices 
offer TTL input and output levels with a minimum of 
0.4 Volt noise immunity in conjunction with a +5 
Volt power supply. 


PIN CONFIGURATION 


Completely TTL Compatible 

Three-State Outputs for Wire-OR Expansion 

Three Programmable Chip Selects 

SY2316A — Replacement for Intel 2316A 

SY2316B — Pin Compatible with 2708 EPROM 
— Replacement for Two 2708s 


The SY2316A/B operate totally asynchronously. No 
clock input is required. The three programmable Chip 
Select inputs allow eight 16K ROMs to be OR-tied 
without external decoding. Both devices offer three- 
state output buffers for memory expansion. 


Designed to replace two 2708 8K EPROMs, the 
SY2316B can eliminate the need to redesign printed 
circuit boards for volume mask programmed ROMs 
after prototyping with EPROMs. 


BLOCK DIAGRAM. 


SY2316A SY2316B Vcc GND 


[| 


16,384 BIT 
ROM 
CELL ARRAY 


onan Oo FwWN ~@ 
onn Dom WHY @ 


7p) 
oc 
Lu 
uw 
Lu 
=) 
a 
ke 
as) 
a 
te 
P=) 
Oo 


ROW DECODER (1 of 128) 


qi 


COLUMN DECODER (1 of 16) 


CHIP SELECT 
DECODER 


ORDERING INFORMATION Fi J 


IS 
o’cto+70°c]) 7 O 
O'Cto+70°C) 
o°Cto+70°C, Z| 
O°C to +70°C 5 


\ 
. 


Temperaturd 
Range 


Order 
Number 


SYC2316A 
SYP2316A 
SYC2316B 
SYP2316B 


Access 
Time 
550ns 
550ns 
450ns 
450ns 


Package 
Type 
Ceramic 
Plastic 
Ceramic 
Plastic 


i 


A custom number will be assigned by Synertek. 


N 


— | Synertek e 
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SY2316A 
5 SY2316B 


ABSOLUTE MAXIMUM RATINGS* COMMENT* | | 
Ambient Operating Temperature 0° to+70°C Stresses above those listed under ‘Absolute Maxi- 
Storage Temperature -65°C to +150°C mum Ratings’’ may cause permanent damage to the 
device. These are stress ratings only. Functional 
Supply Voltage to Ground Potential -0.5V to +7.0V operation of this device at these or any other condi- 
Applied Output Voltage -0.5V to +7.0V tions above those indicated in the operational sec- 
: tions of this specification is not implied and exposure 
Applied Input Voltage -0.5V to +7.0V to absolute maximum rating conditions for extended 
Power Dissipation 1.0W periods may affect device reliability. 


D.C. CHARACTERISTICS 
Ta = 0°C to +70°C, Vcc = 5.0V + 5% (unless otherwise specified) 


[Parameter | Min | Max 
Vcc 


Symbol Test Conditions 


~ VOH Output HIGH Voltage 2.4 Vcc = 4.75V, loH = —200 vA 
VoL Output LOW Voltage 0.4 Vcc = 4.75V, lor =2.1 mA 
VIH Input HIGH Voltage 2.0 
Vit Input LOW Voltage See Note 1 
Iu Input Load Current Vcc = 5.25V, OV S< Vin < 5.25V 
ILo Output Leakage Current Chip Deselected 
Vout = +0.4V to Vcc 
Icc Power Supply Current Output Unloaded 


Vcc = 5.25V, Vin = Vcc 


Note 1: Input levels that swing more negative than —0.5V will be clamped and may cause damage to the device. 


A.C. CHARACTERISTICS 
Ta =0°C to +70°C, Vcc = 5.0V + 5% (unless otherwise specified) 


- Symbol Parameter ez ies =r 2368 Units Test Conditions 


tacc Address Access Time 450 550 ns Output load: 1 TTL load 
tco Chip Select Delay 250 300 | ns and 100 pf 

tor Chip Deselect Delay 250 300 ns Input transition time: 20ns 
too Previous Data Valid After 20 ns Timing reference levels: 


Address Change Delay neni an d 2.2V 
utput: 0.8V and 2. 


CAPACITANCE 
ta = 25°C, f = 1.0MHz, See Note 2 


[_Pavemeser [Win [Mex Unies 


Input Capacitance 7 pF 
Output Capacitance +0 pF 


Note 2: This parameter is periodically sampled and is not 100% tested. 


Test Conditions 


All pins except pin under 
test tied to AC ground 


TIMING DIAGRAM 


\/ 


COO OCCCO UUM NCO 
SSS RRL OSI 
KKK SOONG 


\/ 

ADDRESS OOK 
INPUTS COS 

oerxKex“~r | LS 


Q QS 


RK ROQLS 


KKK AAA DDL LL COCCCOILIIM 
SeLECT econ Sea rirclesnceaneconeeen RoR DisaB ed SO 
INPUTS OOOO PORPLLLLY QO PPL? 


. ~~ S5OE*KESN 
DATA vx) Q 


tacc 
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PROGRAMMING INSTRUCTIONS 


All Synertek read only memories utilize computer aided techniques 
to manufacture and test custom bit patterns. The custom bit pattern 
and address information is supplied on standard 80 column com- 
puter cards in the format described below. 


All addresses and related output patterns must be completely de- 
fined. Each deck of cards defining a specific ROM bit pattern 
consists of 1) four Title Cards and 2) address and bit pattern Data 
Cards. Positive logic is generally used on all input cards: a logic “1” 
is the most positive or HIGH level, and a logic “0” is the most nega- 
tive or LOW level. Synertek can also accept ROM data in other 
formats, compatible with most microprocessors and PROMS. Con- 
sult your Synertek representative for details. 


TITLE CARDS 


A set of four Title Cards should accompany each data deck. These 
cards give our computer programs additional information necessary 
to accurately produce high density ROMS. These four Title Cards 
must contain the following information: 


COLUMN INFORMATION 

First Card 1-30 Customer name 

31-50 Customer part number 

60-72 Synertek part number (punch 2316A” 

or “2316B”) 

Second Card 1-30 Customer contact (name) 

31-50 Customer telephone number 
Third Card 1-6 Leave blank — pattern number to be 


assigned by Synertek 

30 CS3/CS3 chip select logic level (if LOW 
selects chip, punch ‘0’; if HIGH selects 
chip, punch ‘'1’’) 

31 CS2/CS2 chip select logic level. 

32 CS1/CS1 chip select logic level. 

Fourth Card 1-8 Data Format. Synertek, or Intel data 
card format may be used. Specify for- 
mat by punching ‘Synertek,’’ or “Intel” 
starting in:column one. 


15-28 Logic format; punch “POSITIVE 
LOGIC” or “NEGATIVE LOGIC.” 
35-57 Truth table verification code; punch 


either “VERIFICATION HOLD” (man- 
ufacturing starts after customer approval 
of bit pattern data supplied by Synertek) 
or “VERIFICATION NOT NEEDED” 
(manufacturing starts immediately upon 
receipt of customer card deck) 


SYNERTEK DATA CARD FORMAT 


All addresses are coded in decimal form (0 through 2047). All out- 
put words are coded both in binary and octal forms. Output 8 (Os) 
is the MSB, and Output 1 (01) is the LSB. 


COLUMN INFORMATION 

Data Cards 1-4 Decimal address 

6-13 Output (MSB-LSB) 

15-17 Octal equivalent of output data 

22-25 Decimal address 

27-34 Output (MSB-LSB) 

36-38 Octal equivalent of output data 

43-46 Decimal address 

48-55 Output (MSB-LSB) 

57-59 Octal equivalent of output data 

64-67 Decimal! address 

69-76 Output (MSB-LSB) 

78-80 Octal equivalent of output data 


INTEL DATA CARD FORMAT 


Output data is punched as either a “P” or an ‘’N”; a “’P” is defined 
as a HIGH, and an “‘N” is defined as a LOW. Output 8 (Os) is the 
MSB and Output 1 (O01) is the LSB. The four Title Cards listed 
above must accompany the Intel card deck. 


COLUMN INFORMATION 
Data Cards 1-5 Punch the 5-digit decimal equivalent of 

the binary coded address which begins 
each card. This is the initial input 
address. The address is right justified, 
i.e. 00000, 00008, 00016, etc. 

7-14 Output data (MSB-LSB) for initial input 
address. 

16-23 Output data for initial input address +1 

25-32 Output data for initial input address +2 

34-41 Output data for initial input address +3 

43-50 Output data for initial input address +4 

52-59 Output data for initial input address +5 

61-68 Output data for initial input address +6 

70-77 Output data for initial input address +7 

79-80 ROM pattern number (may be left 


blank) 


Send bit pattern data to the following special address: 
Synertek — ROM 
P.O. Box 552 
3050 Coronado Drive 
Santa Clara, CA 95051 


SY2316A 
Ss SY2316B 


TYPICAL CHARACTERISTICS 


ACCESS TIME VS. CAPACITIVE LOAD ACCESS TIME VS. SUPPLY VOLTAGE 
‘Rats see 
a oe ee 
500 
; 2 400 Ls ee ee! SY2316A x 
| 
Ed 
< 2 300 |__| TYPICAL SY2316B 
2 ee 
Ta = 25°C 
100 
1 TTL LOAD . 
0 ) 
0 100 200 300 400 500 600 700 35 40 45 50 55 60 65 7.0 
CL — pF Vcc — Volts 
SUPPLY CURRENT VS. AMBIENT TEMPERATURE SUPPLY CURRENT VS. SUPPLY VOLTAGE 
< < 
E E 
| NW 
oO 13) 
© 2 
0 te) oO fe] ° re] oO te) 
0° 10° 20° 30° 40° 50° 60° 70 
Ta — AMBIENT TEMPERATURE — 0°C Vec — Volts 
CERAMIC PACKAGE PLASTIC PACKAGE 


0 550 
0.530 


PIN NO. 1 
IDENT. 


PINNO 1 
IDENT -. 
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4096 x8 Static 
Read Only Memory 


SY2332 


MEMORY 


Synertek® PRODUCTS 


4096 x 8 Bit Organization 

Single +5 Volt Supply 

Three Week Prototype Turnaround 
Access Time—450ns (max) 

Totally Static Operation 
Completely TTL Compatible 


The SY2332 high performance read only memory is 
organized 4096 words by 8 bits with access times of 
less than 450 ns. This ROM is designed to be compat- 
ible with all microprocessor and similar applications 
where high performance, large bit storage and simple 
interfacing are important design considerations. This 
device offers TTL input and output levels with a min- 
imum of 0.4 Volt noise immunity in conjunction with 
a +5 Volt power supply. 


PIN 
CONFIGURATION 


ORDERING INFORMATION 


Order Package Access Temperature 
Number Type Time Range 


SYC2332 Ceramic 450ns O Cto+70°C 
SYP2332 Plastic 450ns O°Cto+70°C 


A custom number will be assigned by Synertek. 


Three-State Outputs for Wire-OR Expansion 

Two Programmable Chip Selects 

Pin Compatible with 2716 EPROM 

Replacement for Two 2716s 

2708/2716 EPROMs Accepted as Program 
Data Inputs 


The SY2332 operates totally asynchronously. No 
clock input is required. The two programmable Chip 
Select inputs allow four 32K ROMs to be OR-tied 
without external decoding. Both devices offer three- 
state output buffers for memory expansion. 


Designed to replace two 2716 16K EPROMs, the 
SY2332 can eliminate the need to redesign printed 
circuit boards for volume mask programmed ROMs 
after prototyping with EP ROMs. 


BLOCK DIAGRAM 


Vcc GND 


32,768 BIT 
ROM 
CELL ARRAY 


ROW DECODER (1 of 128) 
OUTPUT BUFFERS 


S Synertek® e 


P.O. Box 552 e Santa Clara, CA 95052 e Telephone (408) 984-8900 e TWX: 910-338-0135 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Operating Temperature 
Storage Temperature 

Supply Voltage to Ground Potential 
Applied Output Voltage 

Applied Input Voltage 

Power Dissipation 


D.C. CHARACTERISTICS 


SY2332 


COMMENT* 


0°C to +70°C Stresses above those listed under ‘Absolute Maximum 

-65°C to +150°C Ratings’’ may cause permanent damage to the device. 

These are stress ratings only. Functional operation of 

-0.5V to +7.0V this device at these or any other conditions above 

-0.5V to +7.0V those indicated on the operational sections of this 

specification is not implied and exposure to absolute 

~0.5V to +7.0V maximum rating conditions for extended periods may 
1.0W affect device reliability. 


Ta = 0°C to +70°C, Vcc = 5.0V +5% (unless otherwise specified) 


VOH Output HIGH Voltage 


VOL Output LOW Voltage 
VIH Input HIGH Voltage 
VIL Input LOW Voltage — 
MEI Input Load Current 

ILO Output Leakage Current 
Icc Power Supply Current 


[Paramatr [Min [Max | Unite | 


Test Conditions 


Vcc = 4.75V, loH = -200"A 
Vcc =4.75V, lo, = 2.1 mA 


2.4 


2.0 
-0.5 


See Note 1 
Vec = 5.25V, OV SViN S5.25V 
Chip Deselected 

Vout =1t0.4VtoVcc 

Output Unloaded, Chip Enabled 
| Vcc = 5.25V, VIN = Vcc 


Note 1: Input levels that swing more negative than -0.5V will be clamped and may cause damage to the device. 


A.C. CHARACTERISTICS 


Ta =0°C to +70°C, Vcc = 5.0V +5% (unless otherwise specified) 


Symbol 


Address Access Time 


tco Chip Select Delay 
tDpF Chip Deselect Delay 
tOH Previous Data Valid After 


Address Change Delay 


CAPACITANCE 
ta = 25°C,f = 1.0MHz, See Note 2 


C\ 
Co 


Input Capacitance 
Output Capacitance 


Parameter 


Test Conditions 


SY2332 
Units 


Output load: 1 TTL load 
and 100pF 

Input transition time: 20ns 

Timing reference levels: 

Input: 1.5V 

Output: 0.8V and 2.0V 


Test Conditions 


All pins except pin under 
test tied to AC ground 


Note 2: This parameter is periodically sampled and is not 100% tested. 


ADDRESS 
INPUTS 


CHIP 
SELECT 
INPUTS 


DATA 


TIMING DIAGRAM 


LOCOCO OOO, 
40,00, 0,0, 0, 0,000 
ASS 9, 


OUTPUTS HIGH IMPEDENCGE | oe HV ALIB SOS 
tacc aaa 


% 255 SS) 
SRY RRR RR 


S' 


PROGRAMMING INSTRUCTIONS 


All Synertek read only memories utilize computer aided tech- 
niques to manufacture and test custom bit patterns. The cus- 
tom bit pattern and address information is supplied on stan- 
dard 80 column computer cards or 1°’ wide paper tape. 


CARD FORMAT 


All addresses and related output patterns must be completely 
defined. Each deck of cards defining a specific ROM bit pat- 
tern consists of 1) four Title Cards and 2) address and bit pat- 
tern Data Cards. Positive logic is generally used on all input 
cards: a logic ‘‘1"’ is the most positive or HIGH level, and a 
logic ‘‘O’’ is the most negative or LOW level. Synertek can 
also accept ROM data in other formats, compatible with 
most microprocessors and PROMs. Consult your Synertek 
representative for details. 


TITLE CARDS 


A set of four Title Cards should accompany each data deck. 
These cards give our computer programs additional informa- 
tion necessary to accurately produce high density ROMs. These 
four Title Cards must contain the following information: 


COLUMN INFORMATION 


First Card 1-30 Customer name 
31-50 Customer part number 
60-72 Synertek part number (punch 
"2332"') 
Second Card 1-30 Customer contact (name) 
31-50 Customer telephone number 
Third Card 146 Leave blank — pattern number to 
be assigned by Synertek 
30 CS2/CS2 chip select logic level (if 
LOW selects chip, punch “0”: if 
HIGH selects chip, punch °'1": if 
DON'T CARE, punch “2” 
31 CS1/CS4 chip select logic level. 
1-8 | Data Format. Punch “Intel” starting 
in column one. 
15-28 Logic Format; punch ‘POSITIVE 
LOGIC” or NEGATIVE LOGIC.” 
35-37 Truth table verification code;punch 
either “VERIFICATION HOLD” 
(manufacturing starts after customer 
approval of bit pattern data supplied 
by Synertek) or “VERIFICATION 
NOT NEEDED" (manufacturing 
starts immediately upon receipt of 
customer card deck) 


Fourth Card 


INTEL DATA CARD FORMAT 


Output data is punched as either a “’P”’ or an “‘N”; a “‘P”’ is 
defined as a HIGH and an “‘N” is defined as a LOW. Output 
8 (Og) is the MSB and Output 1 (O07) is the LSB. The four 
Title Cards listed above must accompany the Intel card deck. 


COLUMN INFORMATION 


Data Cards 1-5 Punch the 5-digit decimal equivalent 
of the binary coded address which 
begins each card. This is the inital 
input address. The address is right 
justified, i.e. 00000, 00008, 00016, 
etc. 

7-14 Output data (MSB-LSB) for initial 
input address. 

16-23 Output data for initial input address +1 

25-32 Output data for initial input address +2 


SY2332 


34-41 Output data for initial input address +3 

43-50 Output data for initial input address +4 

52-59 Output data for initial input address +5 

61-68 Output data for initial input address +6 

70-77 Output data for initial input address +7 

79-80 ROM pattern number (may be left 
blank) 


INTEL PAPER TAPE FORMAT 


The paper tape which should be used is 1’’ wide paper tape 
using 7 or 8 bit ASCII code, such as a model 33 ASR teletype 
produces. 


BPNF Format 


The format requirements are as follows: 

1. All word fields are to be punched in consecutive order, 
starting with word field @ (all addresses low). There must 
be exactly N word fields for the N x 8 ROM organization. 

2. Each word field must begin with the start character B and 

end with the stop character F. There must be exactly 8 
data characters between the B and F for the N x 8 organ- 
ization, 
NO OTHER CHARACTERS, SUCH AS RUBOUTS, ARE 
ALLOWED ANYWHERE IN A WORD FIELD. If in pre- 
paring a tape, an error is made, the entire word field, in- 
cluding the B and F must be rubbed out. Within the word 
field, a P results in a high tape level output, and an N re- 
sults in a low level output. 

3. Preceding the first word field and following the last word 
field, there must be a leader/trailer length of at least 25 
characters. This should consist of rubout punches (letter 
key for Telex tapes) , 

4. Between word fields, comments not containing B’s or F's 
may be inserted. Carriage return and line feed characters 
should be inserted (as a ‘‘comment’’) just before each word 
field (or at least between every four word fields). When 
these carriage returns, etc. are inserted, the tape may be 
easily listed on the teletype for purposes of error checking. 
The customer may also find it helpful to insert the word 
number (as a comment) at least every four word fields. 

5. Included in the tape before the leader should be the cus- 
tomer’s complete Telex or TWX number and if more than 
one pattern is being transmitted , the ROM pattern number. 

6. MSB and LSB are the most and least significant bit of the 
device outputs. Refer to the data sheet for the pin numbers. 


HEXADECIMAL PROGRAM TAPE FORMAT 


The hexadecimal tape format used by the INTELLEC 8 sys- 
tem is a modified memory image, blocked into discrete records. 
Each record contains record length, record type, memory 
address, and checksum information in addition to data. A 
frame by frame description is as follows: 

Frame 0 Record mark. Signals the start of a 
record. The ASCII character colon (‘':" 
HEX 3A) is used as the record mark. 
Record length. Two ASCII characters 
representing a hexadecimal number in 
the range 0 to ‘FF’ (0 to 255). This is 
the count of the actual data bytes in 
the record type or checksum. A record 
length of O indicates end of file. 

Load Address. Four ASCII characters 
that represent the initial memory will 
be loaded. The first data byte is stored 
in the location pointed to by the load 
address, succeeding data bytes are 
loaded into ascending addresses. 


Frames 1, 2 
(0-9, A-F) 


Frames 3 to 6 


5 


Record type. Two ASCII characters. 
Currently all records are type O, this 
field is reserved for future expansion. 
Frames 9 to 9+2* Data. Each 8 bit memory word is repre- 
(Record Length) -1 sented by two frames containing the 
ASCII characters (0 to 9, A to F) to 
represent a hexadecimal value O to ‘FF’ 
(0 to 255). 
Frames 9+2* ‘Checksum. The checksum is the nega- 
(Record Length) to tive of the sum of all 8 bit bytes in the 
9+2* (Record record since the record mark ( “’:”’ ) 
Length) +1 evaluated modulus 256. That is, if you 
add together all the 8 bit bytes, ignor- 


Frames 7,8 


SY2332 


ing all carries out of an 8-bit sum, then 
add the checksum, the result is zero. 


Example: If memory locations 1 through 3 contain 53F8EC, 
the format of the hex file produced when these locations are 
punched is: 


:0300010053F8ECC5 


Send bit pattern data to the following special address: 
Synertek — ROM 
P.O. Box 552 
3050 Coronado Drive 
Santa Clara, CA 95051 


TYPICAL CHARACTERISTICS 


ACCESS TIME VS. CAPACITIVE LOAD 


taACC — ns 


Vcc = 4.75V 
TA=25°C 

1 TTL LOAD~ 
C1. = 100pF 


0 
0 100 200 300 400 500 600 700 
CL —pF 


SUPPLY CURRENT VS. AMBIENT TEMPERATURE 


icc —mA 


o° 10° 20° 30° 40° 50° 60° 70° 
Ta — AMBIENT TEMPERATURE — 0°C 


ACCESS TIME VS. SUPPLY VOLTAGE 


rs 
t 
cS) 
rs) 
bs 
TA = 25°C 
1 TTL LOAD 
CL = 100pF 
0 
35 40 45 50 55 60 65 7.0 
Vcc — VOLTS 
SUPPLY CURRENT VS. SUPPLY VOLTAGE 
< 
E 
i] 
o) 
2 


0 
35 40 45 50 55 60 65 7.0 
Vcc — VOLTS 


PACKAGING DIAGRAM 


CERAMIC PACKAGE 


PIN NO. 1 
(DENT 


0.023 


reset no 0.085 0.090 


0.045 


P.O. Box 552 e 


Ss Synertek® e 


Santa Clara, CA 95052 @ Telephone (408) 984-8900 e 
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PLASTIC PACKAGE 


PIN NO. 1 
IDENT 


TWX: 910-338-0135 


Synertek® 


Single +5 Volt Supply—No —12 Volt Supply 
Up to 70% Power Reduction over PMOS Part 
Metal Mask Programming 

Two Week Prototype Turnaround 

512x8 Bit Organization 

Access Time—700 ns/500 ns (max.) 

Totally Static Operation 


The SY3514 and SY3515 high performance read only 
memories are organized 512 words by 8 bits with 
access times of 700 ns, and 500 ns, respectively. 
Synertek’s N-channel ion-implanted silicon gate 
process eliminates the -12 Volt supply requirement, 
producing a completely TTL compatible ROM with- 
out increasing the +5 Volt supply current. The net 
result being that overall power dissipation is only 30% 
of the P-channel competitive devices. 


PIN CONFIGURATION 


VeGI(N.C.} [J 24 L_] Vcc (+5V) 


oO nN OO PRWHN Ae 


ORDERING INFORMATION 


Order Package Access Temperature 
Number Type Time Range 


SYC3514 Ceramic 700ns O°Cto+70°C 
SYP3514 Plastic 700ns 0°C to+70°C 
SYC3515 Ceramic 500ns 0°C to+70°C 
SYP3515 Plastic 500ns 0°C to+70°C 


A custom number will be assigned by Synertek. 


— | Synertek e P.O. Box 552 e Santa Clara, CA 95051 
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512x8 Static 
Read Only Memory SY3515 


SY3514 


MEMORY 
PRODUCTS 


@ Completely TTL Compatible 
@ Four Programmable Chip Selects 
@ Pin-for-Pin and Functional Replacement for: 
Fairchild 3514/15 
NSC MM5233 
Mostek MK 2600P 
AMD Am9214/Am3514 


With four programmable Chip Selects, as many as 16 
devices may wire-ORed to achieve 8K bytes of Read 
Only Memory storage. The outputs of unselected 
devices are in a high impedance state permitting the 
selected device to control the 8 bit bus. The TTL 
compatible input and output voltage and current 
levels offer a worst-case noise immunity of a full 400 
mV for simplified system interfacing. There is no 
connection to the —-12 Volt supply pin. 


BLOCK DIAGRAM 


Vss Vop VeG 


rq 


(N.C.) 


4096 BIT 
ROM 
CELL ARRAY 


ROW DECODER 
OUTPUT BUFFERS 


COLUMN DECODER 
(1 OF 8) 


CHIP SELECT DECODER 


CSo CS1 CS2 


e Telephone (408) 984-8900 ® TWX: 910-338-0135 


J-5K-7/76 


SY3514 
= SY3515 


ABSOLUTE MAXIMUM RATINGS* COMMENT* 
Ambient Operating Temperature 0° to +70°C Stresses above those listed under ‘Absolute Maxi- 
Storage Temperature -65°C to +150°C mum Ratings’’ may cause permanent damage to the 


device. These are stress ratings only. Functional 


Supply Voltage to Ground Potential -0.5V to +7.0V operation of this device at these or any other condi- 


Applied Output Voltage -0.5V to +7.0V tions above those indicated in the operational sec- 
lied | Vol 0.5V to +7.0V tions of this specification is not implied and exposure 

Applied Input Voltage SMV TOT: to absolute maximum rating conditions for extended 

Power Dissipation 1.0W periods may affect device reliability. 

D.C. CHARACTERISTICS 


Ta = 0°C to +70°C, Vcc = 5.0V + 5% (unless otherwise specified) 


Test Conditions 


VOH Output HIGH Voltage 2.4 Vcc Vcc = 4.75V, lon = —500 uA 
VoL Output LOW Voltage Vcc = 4.75V, lot = 2.4 mA 
VIH Input HIGH Voltage 
VIL Input LOW Voltage See Note 1 
fui Input Load Current Vcc = 5.25V, OV < Vin < 5.25V 
ILo Output Leakage Current Chip Deselected 
Vout = +0.4V to Vcc 
Icc Power Supply Current Output Unloaded 


Vcc = 5.25V, Vin = Vcc 


Note 1: Input levels that swing more negative than —0.5V will be clamped and may cause damage to the device. 


A.C. CHARACTERISTICS 
Ta =0°C to +70°C, Vcc = 5.0V + 5% (unless otherwise specified) 


Symbol Siso02 Seo Units Test Conditions 

tacc Address Access Time 500 700 ns Output load: 1 TTL load 

tco Chip Select Delay 300 500 | ns and 100 pf 

tor Chip Deselect Delay 300 500 ns Input transition time: 20ns 
20 


tou Previous Data Valid After | 20 ns Timing reference levels: 
Address Change Delay Input: 1.5V 
Output: 0.4V and 2.4V 


CAPACITANCE 
ta = 25°C, f = 1.0MHz, See Note 2 


Input Capacitance 6 pF 
Output Capacitance 


All pins except pin under 
test tied to AC ground 


Note 2: This parameter is periodically sampled and is not 100% tested. 


TIMING DIAGRAM 


ADDRESS 
INPUTS 


XK KKK 
SS AVAL SR 


COO OOOO OO MMM 
KKKKK KKM 
Setahceatatstcea Uti recaenten 
SKOOL 


SELECT o Sos SAsLED OS 
INPUTS QRS VOE_OK SO52 


DATA | SOOCCONE 


OUTPUTS HIGH IMPEDANCE | RS NAL SSO Re ee 
A ee eae 


Q 


| SY3514 
5 SY3515 


PROGRAMMING INSTRUCTIONS 


All Synertek read only memories utilize computer aided techniques 
to manufacture and test custom bit patterns. The custom bit pattern 


and address information is supplied on standard 80 column com- DataCards 10,12,14 Address input pattern. The most signifi- 
puter cards in the format described below. 16, 18,20 cant bit (As) is in column 10. 

All addresses and related output patterns must be completely de- eee ee 

fined. Each deck of cards defining a specific ROM bit pattern 40, 42,44 Output pattern. The most significant bit 
consists of 1) four Title Cards and 2) address and bit pattern Data 46,48,50 (O07) is in column 40 

Cards. Positive logic is generally used on all input cards: a logic “1” 52 54 

is the most positive or HIGH level, and a logic ‘’0” is the most nega- 

tive or LOW level. Synertek can also accept ROM data in other 73-80 Coding these columns is optional 
formats, compatible with most microprocessors and PROMS. Con- 

sult your Synertek representative for details. SYNERTEK AND MOSTEK DATA CARD FORMAT 


TITLE CARDS All addresses are coded in decimal form (0 through 511). All output 
words are coded both in binary and octal forms. Output 8 (Os) is 
A set of four Title Cards should accompany each data deck. These the MSB, and Output 1 (01) is the LSB. The four Title Cards listed 


cards give our computer programs additional information necessary above must accompany the card deck. 
to accurately produce high density ROMS. These four Title Cards 
must contain the following information: COLUMN INFORMATION 
Fifth Card 1-30 Customer 
COLUMN INFORMATION 31-50 Customer part number 
First Card 1-10 Data format, Fairchild or Mostek 60-72 Synertek or Mostek part number 
punched card formats may be used. Sixth Card 1-30 Engineer at customer site 
Specify which data format is being used 31-50 Direct phone number for engineer 
by punching either “FAIRCHILD” or Seventh Card 1-5 Synertek or Mostek part number 
“MOSTEK” by starting name at column 10-16 Organization 
inves 29 CS3/CS3 chip select logic level. (Punch 
Second Card 1-10 CARD “O"' if LOW selects chip; punch 1” if 
Third Card 1-10 Synertek part number; if a Fairchild HIGH selects chip.) 
format, punch “3514” or 3515,”" and 30 CS2/CS2 chip select logic level. 
if a Mostek format, punch “2600.” 31 CS1/CSi chip select logic level. 
Fourth Card 1-10 Leave blank — pattern number to be 32 CSo/CSo chip select logic level. 
assigned by Synertek 33 Active pull ups 
Eighth Card 1-9 Data format 


15-28 Logic — ‘“POSITIVE;LOGIC” or 


FAIRCHILD DATA CARD FORMAT “NEGATIVE LOGIC.” 


All addresses are coded in binary form (0 = 000000000, and 511 = 35-57 Verification code 
111111111 with the MSB first). Output words are also coded jin 

binary form. Output 8 (Os) is the MSB, and Output 1 (O01) is the COLUMN INFORMATION 
pe The four Title Cards listed above must accompany the card Data Cards 1-4 Beciaisadaiees 

eck. 


6-13 Output B8-B1 (MSB thru LSB) 
15-17 Octal equivalent of output data 


COLUMN INFORMATION ; ‘ 
Fifth Card 10-29 Customer name ‘ ; 
50-62 Punch “3514” (700 ns) or “3515” 64-67 Decimal Address 
(500 ns) 69-76 Output (MSB-LSB) 
65-80 Customer comments 78-80 Octal equivalent of output data 
Sixth Card 29 CS3/CS3 chip select logic level. (Punch 
“O’', if LOW selects chip; punch “1” if Send bit pattern data to the following special address: 
HIGH selects chip). Synertek — ROM 
31 CS2/CS2 chip select logic level ee Pe ae 
SCO S “CIM SEIECE NODE ONET: 3050 Coronado Drive 
33 CS1/CS1 chip select logic level. Santa Clara, CA 95051 
35 CSo/CSo chip select logic level. 
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SY3514 
SY3515 


Wy) 


TYPICAL CHARACTERISTICS 


ACCESS TIME VS. CAPACITIVE LOAD SUPPLY CURRENT VS. SUPPLY VOLTAGE 
” ¢ 
£ 
Q | 
s 3 

0 
0 100 200 300 400 500 600 700 35 40 45 50 55 60 65 7.0 
CL — pF Vcc — Volts 
SUPPLY CURRENT VS. AMBIENT TEMPERATURE ACCESS TIME VS. SUPPLY VOLTAGE 

t “ ed 
i= c 
| | mi 
8 g 


= 


Ta = 25°C 
1 TTL LOAD 
Cu = 100 pF 
0 
0° 10° 20° 30° 40° 50° 60° 70° 35 40 45 50 55 60 65 7.0 
Ta — AMBIENT TEMPERATURE — °C Vcc — Volts 


PACKAGING DIAGRAM 


CERAMIC PACKAGE PLASTIC PACKAGE 


PIN NO. 1 
IDENT. 


PIN NO. 1 


> | Synertek® e P.O. Box 552 e Santa Clara, CA 95052 e Telephone (408) 984-8900 e TWX: 910-338-0135 
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2048x8 Static SY4600 


MEMORY 
PRODUCTS 


2048x8 or 4096x4 Bit Organizations 
Single +5 Volt Supply 

Two Week Prototype Turnaround 

Access Time — 550 ns. (max.) 

Totally Static Operation 

Synchronous or Asynchronous Operation 


‘The SY4600 is a high performance 16,384 bit static 
read only memory organized 2048 words by 8 bits or 
4096 words by 4 bits. The device is designed to be 
compatible with all microprocessor and similar appli- 
cations where large bit storage and simple interfacing 
are important design considerations. Synertek’s N- 
channel ion-implanted silicon gate process produces 
a +5 Volt TTL compatible ROM with a minimum 
noise immunity of 0.4 Volt. 


Completely TTL Compatible 

Two Programmable Output Enables 
Three-State Outputs for Wire-OR Expansion 
On-Chip Address Registers 

Low Power Dissipation — 31 uW/Bit (max.) 
Pin-for-Pin Replacement for EA4600 


Synchronous or asynchronous operation offers max- 
imum design flexibility. Clocking the Address Read 
(AR) input stores the applied address information. 
The outputs appear and remain stable until a new 
address is read. With the AR input HIGH, output data 
asynchronously appear 550ns after the application of 
a new address. Two programmable Output Enables 
control four outputs each permitting 4 bit or 8 bit 
operation. 


PIN CONFIGURATION BLOCK DIAGRAM 


Vcc GND 


y 4 


OUTPUT 
BUFFERS 


16,384 BIT 
ROM 
CELL ARRAY 


ae 


e 
{ 
2 
3 
4 
5 
6 
7 
8 
9 


ROW ADDRESS REGISTER 
ROW DECODER (1 OF 128} 


-| OUTPUT 
BUFFERS 


ORDERING INFORMATION 


Order Package Access Temperature 
Number Type Time Range 


SYC4600 Ceramic 550ns O°C to +70°C 
SYP4600 Plastic 550ns 0°C to +70°C 


A custom number will be assigned by Synertek. 


% 


— | Synertek e P.O. Box 552 e Santa Clara, CA 95051 e Telephone (408) 984-8900 e TWX: 910-338-0135 
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ABSOLUTE MAXIMUM RATINGS COMMENT 

Ambient Operating Temperature 0° to +70°C Stresses above those listed under ‘Absolute Maxi- 

Storage Temperature _65°C to +150°C mum Ratings’’ may cause permanent damage to the 
device. These are stress ratings only. Functional 

Supply Voltage to Ground Potential -0.5V to +7.0V operation of this device at these or any other condi- 

Applied Output Voltage -0.5V to +7.0V tions above those indicated in the operational sec- 


tions of this specification is not implied and exposure 


Applied Input Voltage ~0.5V to +7.0V to absolute maximum rating conditions for extended 
Power Dissipation 1.0W periods may affect device reliability. 
D.C. CHARACTERISTICS 


Ta = 0°C to +70°C, Vec = 5.0V + 5% (unless otherwise specified) 


[Parameter | Min. | Max. 
Vcc 


Test Conditions 


VOH Output HIGH Voltage 2.4 Vcc = 4.75V, loH = —200 uA 
VoL Output LOW Voltage Vcc = 4.75V, loH = 2.4 mA 
VIH Input HIGH Voltage 2.0 
VIL Input LOW Voltage —0.5 See Note 1 
Hui Input Load Current Vcc = 5.25V, OV S Vin < 5.25V 
ILo Output Leakage Current Chip Deselected 

Vout = +0.4V to Vcc 
Icc Power Supply Current Output Unloaded 


Vcc = 5.25V, Vin = Vcc 


Note 1: Input levels that swing more negative than —0.5V will be clamped and may cause damage to the device. 


A.C. CHARACTERISTICS 
Ta =0°C to +70°C, Vcc = 5.0 V + 5% (unless otherwise specified) 
CLOCKED MODE TIMING SPECIFICATIONS (See Figure 1) 


ns 


tc Cycle Time Output load: 1 TTL load 
tacc Address to Output and 100 pf 

Delay Time 550 ns Input transition time: 20 ns 
tew Address Read Pulse Width ns Timing reference levels: 
tio Address Lead Time ns Input: 1.5V 
tie Address Lag Time ns Output: 0.8V and 2.2 V 


tARD AR Input to Output ns 
Disturb Delay 


FIGURE 1 — CLOCKED MODE TIMING DIAGRAM 


ADDRESS READ 
INPUT 


tLO tLG | 
EXC 


VALID Y 
i 


\ CO DC UUMMIMMNCCEOCS 
BOOS tees XS 
KX OOD QL? 
QLYS  vaunx WL ron KLE KY 


ADDRESS 
INPUTS 


YOOOOO OOOO, 
Ox K KKK KOI 
OUTPUTS RRM 


QS x 
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UNCLOCKED MODE TIMING SPECIFICATIONS (See Figure 2) 


fF Pomeer [Min | Max Oni 


Cycle Time 

Address Access Time 
Previous Data Valid After 
Address Change Delay 


Test Conditions 


AR = Vcc 
See clocked mode timing 
specifications 


tc 
tacc 
tOH 


FIGURE 2 — UNCLOCKED MODE TIMING DIAGRAM 
(AR = Vcc) 


ee 


ADDRESS * 
PUTS VALID X A VALID Y VALID Z 


ee 


DATA 
OUTPUTS 


tacc 


Test Conditions 


[Parameter | Min [Mex —| Units 
Output Enable Delay n 
Output Disable Delay 


FIGURE 3 — OUTPUT ENABLE TIMING DIAGRAM 
(CLOCKED OR UNCLOCKED MODES) 


See clocked mode timing 
specifications 


tco 
TDF 


Seated ENABLED 


ENABLES } ‘ 
xX Zs LZ xxO x% rad 
DATA - 
OUTPUTS HIGH IMPEDANCE OUTPUT VALID HIGH IMPEDANCE 
CAPACITANCE 


ta = 25°C, f = 1.0MHz, See Note 2 


Parameser [Min [Ma | Uni 


Input Capacitance 7 pF 
Output Capacitance 10 pF 


Note 2: This parameter is periodically sampled and is not 100% testéd. 


Symbol Test Conditions 


All pins except pin under 
test tied to AC ground 


TYPICAL CHARACTERISTICS 


ACCESS TIME VS. CAPACITIVE LOAD ACCESS TIME VS. SUPPLY VOLTAGE SUPPLY CURRENT VS. AMBIENT TEMPERATURE 


wn 7) { 
: 
| 
Q Q 
s < 8 
Ta = 25°C 
1 TTL LOAD 
1 TTL LOAD Cu = 100 pF 
Cu = 100 pF 
0 
0 100 200 300 400 500 600 700 35 40 45 50 55 60 65 7.0 0° 10° 20° 30° 40° 50° 60° 70° 
Ci — pF Vcc’ — Volts Ta — AMBIENT TEMPERATURE - 0°C 


4-21 


Sy] 


SY4600 


PROGRAMMING INSTRUCTIONS 


All Synertek read only memories utilize computer aided techniques 
to manufacture and test custom bit patterns. The custom bit pattern 
and address information is supplied on standard 80 column com- 
puter cards in the format described below. 


All addresses and related output patterns must be completely de- 
fined. Each deck of cards defining a specific ROM bit pattern 
consists of 1) four Title Cards and 2) address and bit pattern Data 
Cards. Positive logic is generally used on all input cards: a logic “1” 
is the most positive or HIGH level, and a logic “0” is the most nega- 
tive or LOW level. Synertek can also accept ROM data in other 
formats, compatible with most microprocessors and PROMS. Con- 
sult your Synertek representative for details. 


TITLE CARDS 


A set of four Title Cards should accompany each data deck. These 
cards give our computer programs additional information necessary 
to accurately produce high density ROMS. These four Title Cards 
must contain the following information: 


COLUMN INFORMATION 
First Card 1-30 Customer name 
31-50 Customer part number 
60-72 Synertek part number (punch ‘4600’’) 
Second Card 1-30 Customer contact (name) 
31-50 Customer telephone number 
Third Card 1-6 Leave blank — pattern number to be 
assigned by Synertek 
31 OE2/OE2 output enable logic level (if 
LOW selects chip, punch ‘0”; if HIGH 
selects chip, punch ‘'1’’) 
32 OE1/OE1 output enable logic level. 
Fourth Card 1-8 Data Format. Synertek, or Electronic 


Arrays data card format may be used. 
Specify format by punching ‘“Synertek” 
or “EA”’ starting .in column one. 


15-28 Logic format: punch “POSITIVE 
LOGIC” or “NEGATIVE LOGIC.” 
35-37 Truth table verification code; punch 


either “VERIFICATION HOLD” (man- 
ufacturing starts after customer approval 
of bit pattern data supplied by Synertek) 
or “VERIFICATION NOT NEEDED” 
(manufacturing starts immediately upon 
receipt of customer card deck). 


SYNERTEK DATA CARD FORMAT 


All addresses are coded in decimal form (0 through 2047). All out- 
put words are coded both in binary and octal forms. Output 7 (O7) 
is the MSB, and Output 0(Oo) is the LSB. 


COLUMN INFORMATION 

Data Cards 1-4 Decimal address 

6-13 Output (MSB-LSB) 

15-17 Octal equivalent of output data 

22-25 Decimal address 

27-34 Output (MSB-LSB) 

36-38 Octal equivalent of output data 

43-46 Decimal address 

48-55 Output (MSB-LSB) 

57-59 Octal equivalent of output data 

64-67 Decimal address 

69-76 Output (MSB-LSB) 

78-80 Octal equivalent of output data 


ELECTRONIC ARRAYS DATA CARD FORMAT 


All addresses are coded in octal form (address 0 = 0000, address 
2047 = 3777, A1o = MSB and Ao = LSB). All output words are also 
coded in octal. Output 7 (O07) is the MSB, and Output 0 (Oo) is the 
LSB. The four Title Cards discussed above must accompany the EA 
card deck. 


COLUMN INFORMATION 
Data Cards 1-4 Octal equivalent of initial input address. 
5-7 Octal equivalent of output data for 
initial input address. 
8-10 Octal equivalent of output data for 
initial input address +1. 
11-13 Octal equivalent of output data for 
: initial address +2 
50-52 Octal equivalent of output data for 
initial address +15. 
69-80 ROM pattern number (may be left 


blank). 


Send bit pattern data to the following special address: 
Synertek — ROM 
P.O. Box 552 
3050 Coronado Drive 
Santa Clara, CA 95051 


PACKAGING DIAGRAM 


CERAMIC PACKAGE 


PIN NO. 1 
1OENT. 


1 


PLASTIC PACKAGE 


PINNO 1 
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SY6500 MICROPROCESSORS 


The SY6500 Microprocessor Family Concept --- 


The SY6500 Series Microprocessors represent the first totally software compatible 
microprocessor family. This family of products includes a range of software compatible 
microprocessors which provide a selection of addressable memory range, interrupt input 
options and on-chip clock osscillators and drivers. All of the microprocessors in the 
SY6500 group are software compatible within the group and are bus compatible with the 
M6800 product offering. 


The family includes five microprocessors with on-board clock oscillators and drivers 
and four microprocessors driven by external clocks. The on-chip clock versions are 

aimed at high performance, low cost applications where single phase inputs, crystal 

or RC inputs provide the time base. The external clock versions are geared for the 

multi processor system applications where maximum timing control is mandatory. Al] 

versions of the microprocessors are available in 1 MHz and 2 MHz ("A" suffix 

on product numbers) maximum operating frequencies. 


Features of the SY6500 Family 


Single five volt supply - Instruction decoding and control 

. N channel, silicon gate, de- . Addressable memory range of up to 
pletion load technology 65K bytes 
Eight bit parallel processing . "Ready" input 
56 Instructions . Direct memory access capability 
Decimal and binary arithmetic Bus compatible with MC6800 
Thirteen addressing modes . Choice of external or on-board clocks 
True indexing capability . 1MHz and 2MHz operation 

. Programmable stack pointer - On-the-chip clock options 

. Variable length stack * External single clock input 
Interrupt capability * RC time base input 
Non-maskable interrupt * Crystal time base input 

. Use with any type or speed memory - 40 and 28 pin package versions 
Bi-directional Data Bus Pipeline architecture 


Members of the Family 


Microprocessors with Microprocessors with 
On-Board Clock Oscillator External Two Phase 
Clock Input 


— SY6502 


SY6512 
SY6503 


SY6513 


SY 6504 

SY6514 
SY 6505 

SY6515 
SY6506 
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Comments on the Data Sheet 


The data sheet is constructed to review first the basic "Common Characteristics" - those 


features which are common to the general family of microprocessors. Subsequent to a 
review of the family characteristics will be sections devoted to each member of the group 
with specific features of each. 


COMMON CHARACTERISTICS 


wo————_~—‘ REGISTER SECTION CONTROL SECTION —_—__—_» 


RES IRQ NMI 


INTERRUPT 


ABO INDEX a 
REGISTER 
i wa LOGIC 


7 ee 
AB2 INDEX 
REGISTER ee 
X 
oe RDY 
1 


| 
AB4 2 2 TACK 
bs 3 POINT me. 
is REGISTER |~_ | 
< (S) 
ABS z 
= INSTRUCTION 
Zz DECODE 
AB6 
ABT 
ADDRESS 
BUS 
8 3] | 
“ 2 | | TIMING 
g ht] CONTROL . 
AB9 s 
Z 01 @1 (IN) 
ABI1O SY6512,13,14,15 
92 
92 (IN) 
ABII 
CLOCK CLOCK 
a GENERATOR INPUT SY6502,3,4,5,6 
ABI2 = 


01 OUT 


wy Mere 


INSTRUCTION 
REGISTER 


DB3 DATA 
DB4 BUS 


| ale 
LEGEND: |} tf 
fi we 
= 8 BIT LINE B 


| = 1 BIT LINE 


Note: 1..Clock Generator is not included on SY6512,13,14,15 


2. Addressing Capability and control options vary with each 
of the SY6500 Products. 


SY6500 Internal Architecture 
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COMMON CHARACTERISTICS 


MAXIMUM RATINGS 


RAT ING SYMBOL VALUE 


SUPPLY VOLTAGE =O: 3 tO. #70 
INPUT VOLTAGE #0.3 fo 47.0 
OPERATING TEMPERATURE Te 0 to +70 7G 


This device contains in- 

put protection against 
damage due to high static 
voltages or electric fields; 
however, precautions should 
be taken to avoid applica- 
tion of voltages higher 

than the maximum rating. 


Vee 


Vin 


STORAGE TEMPERATURE T -55 to +150 


STG 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0V + 5%. Vss = 0, Ty = 25° C) 


~,, O> applies to SY6512, 13, 14, 15, @ applies to SY6502, 03, 04, 05 and 06 


Vcc 
Vec + 0.25 


o (in) 


CHARACTERISTIC SYMBOL fay 


Input High Voltage 


Logic,@ 
9,02 


Vss + 


o (in) 


Input Low Voltage 


Logic,@ 
0; b2 


Input High Threshold Voltage 


RES ,NMI,RDY,IRQ,Data, 
S.O. 


o (in) 


Input Low Threshold Voltage 


RES ,NMI,RDY,IRQ, Data, 
S.0O. 


Input Leakage Current 
Vin = 0 to 5.25V, Vcc = 0) 
Logic (Excl .RDY,S.0.) 
0; OB 
ree 
Three-State (Off State) Input Current 
(Vio = 0.4 to 2.4V, Vec = 5.25V) 
Data Lines 


Output High Voltage 
(1 = -100vAde, Vee = 4.75V) 
LOAD SYNC, Data,AO-Al15,R/W 


Output Low Voltage 
(1 = 1.6mAdc, Vcc = 4.75V) 
SOAP SYNC,Data,A0-Al5, R/W 


Power Dissipation 


Capacitance 


ro) 
Wie 0, T. = 25 C, f = 1MHz) 


fot 
10.0 


Logic 


Data 
AO-A15, R/W, SYNC 


Note: IRQ and NMI require 3K pull-up resistors. 


\/ 


PROCESSORS. 


@2(OUT) 


9-G 


Note: 


CLOCK TIMING — SY6512, 13, 14, 15 


"REF." means Reference Points on clocks. 


COMMON CHARACTERISTICS 


ADDRESS FROM 
MPU 


DATA FROM 
MEMORY 


ADDRESS FROM 
MPU 


DATA FROM 
MPU 


Timing for Writing Data to Memory or Peripherals 


1 MH, TIMING | 2MH, TIMING 


CLOCK TIMING — SY6512, 13, 14,15 CLOCK TIMING — SY6512,13,14,15,16 


CHARACTERISTIC SYMBOL MIN. YP. : : CHARACTERISTIC 


cycle Time Pane: evcole Time 


Clock Pulse Width Ql : Clock Pulse width 21 
(Measured at Vec - Q.2v) @2 (Measured at Veu - G.lv) OL 


Fall Time Fall Time 
(Measured from 0.2v to Vee - 0.2v) . 29 (Measured trom O.fv to Veo - O.l2v) 


Delav Time between Clocks Detav Time between Clocks 
(Measured at 9.2v) 1 (Measured at .2v) 


CLOCK TIMING — SY6502, 03, 04, 05, 06 CLOCK TIMING — SY6502, 03, 04, 05, 06 


[ CHARACTERISTIC [owes MIN. : MAX. untts | [ CHARACTERISTIC SYMBOL | 


{ 
Cycle Time is | : 
; CYC | 
> o(IN) Pulse Width (measured at 1.5V) | PWHS | |— 


\ Rise; Fall. time .--.- ae 
SOCIN) ee ae ee TRO TFS. o (IN) 
: ea a - _ —_-— 
| Delay Time.Between Clocks (measured Ty > ' Delay Time Between Clocks (measured 
at 1.5V) | at 1.5V) 
—_—~ a te eee t 
$ 


|?) cour) Pulse Width (measured at 1.5V) | PWHO, 


Rise, Fall Time 


1 (oUT) Pulse Width (measured at 1.5V) | PWHO, 


°> (our) Pulse Width (measured at 1.5V) 


Pulse Width (measured at 1.5V) | PWHO rs 
2 | Q 
2 (OUT) 


6 Je Rise, Fall Ti 
Horry acu e" ‘Load = 30pf | | | i rout)? *2 corr) 
| 


(measured .&V to 2.0 V) % LPT} (measured .&V to 2.9 V) 


Rise, Fal! Time 
{Load = S0pf 
cane Gove a 


READ/WRITE TIMING READ/WRITE TIMING 


= ese ase: ES 
CHARACTERISTIC SYMBOL ‘ . ‘ | CHARACTERISTIC . . [units | 
: aes es a - — | 

Read/Write Setup Time from SY6500 Read/Write Setup Time from SY6500 A 


Address Setup Time from SY6500 | T | . Address Setup Time from SY6500 A. 
| 


Te ra ig ee ce 3 : i : . 7 
Data Stability Time Period ; i Data Stability Time Period 


Memory Read Access Time Memory Read Access Time 


‘Data Hold Time « Read | a “Data Hold Time ~ Read 


Re Hold Time - Write 


L Hoa site) ge z 
; Data Hold Time - Write 
t 


Data Setup Time from SY6500 | Data Setup Time from SY6500 A 


RDY, S.O. Setup Time 

Setup Time from SY6500 
Address Hold Time — . 
“R/W Hold Time _ 


I RDY, S.0. Setup Time 


a ee 


a qe -p pe Lt 


Address Hold Time 


| SYNC Setup Time from SY6500 A 
| ae 


~T 


| R/W Hold Time _ 


os 


COMMON CHARACTERISTICS 
Clocks (9), @2) 


The syYe51X requires a two phase non-overlapping clock that runs at the Vcc voltage level. 
The SY6s50X clocks are supplied with an internal clock generator. The frequency of these 
clocks is externally controlled. Details of this feature are discussed in the SY6s02 
portion of this data sheet. 


Address Bus (Ag-Ai 5) (See sections on each micro for respective address lines on those devices.) 


These outputs are TTL compatible, capable of driving one standard TTL load and 130pf. 


Data Bus (Dp-D-7) 


Eight pins are used for the data bus. This is a bi-directional bus, transferring data to and from the device 
and peripherals. The outputs are tri-state buffers capable of driving one standard TTL load and 130pf. 


Data Bus Enable (DBE) 


This TTL compatible input allows external control of the tri-state data output buffers and will enable the 
microprocessor bus driver when in the high state. In normal operation DBE would be driven by the phase 

two ($2) clock, thus allowing data output from microprocessor only during @2. During the read cycle, the 
data bus drivers are internally disabled, becoming essentially an open circuit. To disable data bus drivers 
externally, DBE should be held low. 


Ready (RDY) 


This input signal allows the user to single cycle the microprocessor on all cycles except write cycles. A 
hegative transition to the low state during or coincident with phase one (9)) will halt the microprocessor 
with the output address lines reflecting the current address being fetched. This condition will remain 
through a subsequent phase two ($2) in which the Ready signal is low. This feature allows microprocessor 
interfacing with low speed PROMS as well as. fast (max. 2 cycle) Direct Memory Access (DMA). If Ready is 
low during a write cycle, it is ignored until the following read operation. 


Interrupt Request (IRQ) 


This TTL level input requests that an interrupt sequence begin within the microprocessor. The micro- 
processor will complete the current instruction being executed before recognizing the request. At that 
time, the interrupt mask bit in the Status Code Register will be examined. If the interrupt mask flag 
is not set, the microprocessor will begin an interrupt sequence. The Program Counter and Processor. 
Status Register are stored in the stack. The microprocessor will then set the interrupt mask flag high 
so that no further interrupts may occur. At the end of this cycle, the program counter low will be 
loaded from address FFFE, and program counter high from location FFFF, therefore transferring program 
control to the memory vector located at these addresses. The RDY signal must be in the high state for 
any interrupt to be recognized. A 3K external resistor should be used for proper wire-OR operation. 


Non-Maskable Interrupt (NMI) 


A negative going edge on this input requests that a non-maskable interrupt sequence be generated within 
the microprocessor. 


NMI is an unconditional interrupt. Following completion of the current instruction, the sequence of opera- 
tions defined for IRQ will be performed, regardless of the state interrupt mask flag. The vector address 
loaded into the program counter, low and high, are locations FFFA and FFFB respectively, thereby transferring 
program control to the memory vector located at these addresses. The instructions loaded at these locations 
cause the microprocessor to branch to a non-maskable interrupt routine in memory. 


NMI also requires an external 3KQ2 register to Vcc for proper wire-OR operations. 


Inputs IRQ and NMI are hardware interrupts lines that are sampled during $2 (phase 2) and will begin the 
appropriate interrupt routine on the $) (phase 1) following the completion of the current instruction. 


” 
a 
O 
Y 
Y) 
uu 
1) 
eo) 
oO 
O. 


Set Overflow Flag (S.0.) 


A NEGATIVE going edge on this input sets the overflow bit in the Status Code Register. This signal is 
sampled on the trailing edge of 6,- 


SYNC 


This output line is provided to identify those cycles in which the microprocessor is doing an OP CODE 
fetch. The SYNC line goes high during @, of an OP CODE fetch and stays high for the remainder of that 
cycle. If the RDY line is pulled low during the @, clock pulse in which SYNC went high, the processor 
will stop in its current state and will remain in the state until the RDY line goes high. In this 
manner, the SYNC signal can be used to control RDY to cause single instruction execution. 


Reset 
This input is used to reset or start the microprocessor from a power down condition. During the time 


that this line is held low, writing to or from the microprocessor is inhibited. When a positive edge 
is detected on the input, the microprocessor will immediately begin the reset sequence. 


After a system initialization time of six clock cycles, the mask interrupt flag will be set and the 
{ y microprocessor will load the program counter from the memory vector locations FFFC and FFFD. This is 
: the start location for program control. 


After Vcc reaches 4.75 volts in a power up routine, reset must be held low for at least two clock cycles. 
ou At this time the R/W and (SYNC) signal will become valid. 


When the reset signal goes high following these two clock cycles, the microprocessor will proceed with 
the normal reset procedure detailed above. 


SY6500 Signal Description 


Add Memory to Accumulator with Carry 
"AND" Memory with Accumulator 
Shift left One Bit (Memory or Accumulator) 


Branch on Carry Clear 

Branch on Carry Set 

Branch on Result Zero 

Test Bits in Memory with Accumulator 
Branch on Result Minus 


COMMON CHARACTERISTICS 


INSTRUCTION SET — ALPHABETIC SEQUENCE 


Decrement Memory by One 
Decrement Index X by One 
Decrement Index Y by One 


"Exclusive-or" Memory with Accumulator 
Increment Memory by One 


Increment Index X by One 
Increment Index Y by One 


Push Accumulator on Stack 

Push Processor Status on Stuck 
Pull Accumulator from Stack 

Pull Processur Status from Stack 


Rotate One Bit Left (Memory or Accumulator) 
Rotate One Bit Right (Memory or Accumulator) 
Return from Interrupt 

Return from Subroutine 


Branch on Result not Zero 

Branch on Result Plus { Jump to New Location 

Force Break Jump to New Location Saving Return Address 

Branch on Overflow €lear 

Branch on Overflow Set Load Accumulator with Memory 

Load Index X with Memory 

Clear Carry Flag Load Index Y with Memory 

Clear Decimal Mode Shift One Bit Right (Memory or Accumulator) 

Clear Interrupt Disable Bit 

Clear Overflow Flag No Operation AX Transfer Accumulator to Index X 

Compare Memory and Accumulator T Transfer Accumulator to Index Y 

Compare Memory and Index X "OR Memory with Accumulator Transfer Stack Pointer to Index X 

Compare Memory and Index Y¥ : Transfer Index X to Accumulator 
Transfer Index X to Stack Pointer 
Transfer Index Y to Accumulator 


Subtract Memory from Accumulator with Borrow 
Set Carry Flag 

Set Decimal Mode 

Set Interrupt Disable Status 

Store Accumulator in Memory 

Store Index X in Memory 

Store Index Y in Memory 


ADDRESSING MODES 


ACCUMULATOR ADDRESSING - This- form of addressing is represented with a one byte instruction, implying an 
operation on the accumulator. 


IMMEDIATE ADDRESSING - In immediate addressing, the operand is contained in the second byte of the instruction, 
with no further memory addressing required. 


ABSOLUTE ADDRESSING - In absolute addressing, the second byte of the instruction specifies the eight low order 
bits of the effective address while the third byte specifies the eight high order bits. Thus, the 
absolute addressing mode allows access to the entire 65K bytes of addressable memory. 


ZERO PAGE ADDRESSING - The zero page instructions allow for shorter code and execution times by only fetching 
the second byte of the instruction and assuming a zero high address byte. Careful use of the zero 
page can result in significant increase in code efficiency. 


INDEXED ZERO PAGE ADDRESSING - (X, Y indexing) - This form of addressing is used in conjunction with the index 
register and is referred to as ''Zero Page, X" or "Zero Page, Y". The effective address is calculated 
by adding the second byte to the contents of the index register. Since this is a form of "Zero Page" 
addressing, the content of the second byte references a location in page zero. Additionally due to 
the "Zero Page" addressing nature of this mode, no carry is added to the high order 8 bits of memory 
and crossing of page boundaries does not occur. 


INDEXED ABSOLUTE ADDRESSING - (X, Y indexing) - This form of addressing is used in conjunction with X and Y 
index register and is referred to as "Absolute, X'', and “Absolute, Y". The effective address is 
formed by adding the contents of X or Y to the address contained in the second and third bytes of the 
instruction. This mode allows the index register to contain the index or count value and the in- 
struction to contain the base address. This type of indexing allows any location referencing and 
the index to modify multiple fields resulting in reduced coding and execution time. 


IMPLIED ADDRESSING - In the implied addressing mode, the address containing the operand is implicitly stated 
in the operation code of the instruction. 


RELATIVE ADDRESSING ~ Relative addressing is used only with branch instructions and establishes a destination 
for the conditional branch. 


The second byte of the instruction becomes the operand which is an "Offset'' added to the contents of 
the lower eight bits of the program counter when the counter is set at the next instruction. The 
range of the offset is -128 to +127 bytes from the next instruction. 


INDEXED INDIRECT ADDRESSING - In indexed indirect addressing (referred to as (Indirect,X)), the second byte of 
the instruction is added to the contents of the X index register, discarding the carry. The result 
of this addition points to a memory location on page zero whose contents is the low order eight bits 
of the effective address. The next memory location in page zero contains the high order eight bits 
of the effective address. Both memory locations specifying the high and low order bytes of the 
effective address must be in page zero. 


INDIRECT INDEXED ADDRESSING - In indirect indexed addressing (referred to as (Indirect),Y), the second byte 
of the instruction points to a memory location in page zero. The contents of this memory location 
is added to the contents of the Y index register, the result being the low order eight bits of the 
effective address. The carry from this addition is added to the contents of the next page zero 
memory location, the result being the high order eight bits of the effective address. 


ABSOLUTE INDIRECT ~ The second byte of the instruction contains the low order eight bits of a memory location. 
The high order eight bits of that memory location is contained in the third byte of the instruction. 
The contents of the fully specified memory location is the low order byte of the effective address. 
The next memory location contains the high order byte of the effective address which is loaded 
into the sixteen bits of the program counter. 


COMMON CHARACTERISTICS 


PROGRAMMING MODEL 


ACCUMULATOR 


INDEX REGISTER 


INDEX REGISTER 


PROGRAM COUNTER 


STACK POINTER 


“PC” 


PROCESSOR STATUS REG “'P” 


CARRY 
ZERO 
{RQ DISABLE 


DECIMAL MODE 
BRK COMMAND 


OVERFLOW 


1- TRUE 
1= RESULT ZERO 


1 ~ DISABLE 
= TRUE 


NEGATIVE 


3 {65 | 3 
3 425) 3 

(A) J 3 }@6)5 
BRANCH ON C-@ 
BRANCH ON C-1 
BRANCH ON 2.1 
AAM 


BRANCH ON N=} 
BRANCH ON 2-0 
BRANCH ON N-@ 


(See Fig 1) 


BRANCH ON V2@ 
BRANCH ON V=1 


7p) 
.o 
O 

cA 
O ul 
=O 
aa 
A. 


JUMP TO NEW LOC 
{See Fig 2) JUMP SUB 


RELATIVE | INDIRECT 


NO OPERATION 


AVM =A 


A—e Ms 


(RESTOREQ! 


(See Fig 1) RTAN INT 
(See Fig 2) RTRN SUB 
AMC >A 

1*c 


- oO 


AA; 2 | 


AB! 2. 


BA! 2 | 


BAY 2 | 
9a | 2) 

98 | 2 

iF PAGE BOUNDRY IS CROSSED x INDEX. 


“1 F BRANCH OCCURS TO SAME PAGE yo OINDES a 
*1— BRANCH OCCURS TO DIFFERENT PAGE, 


Exc tUsivl OR N NO CYCLES 


# NO BYTES 


A0D1TO"'N 


ADD 1TO'N 
ADD2TO"'N 


CARRY NOT BORROW. 


tF iN DECIMAL MODE 2 FLAG IS INVALIO 
ACCUMULATOR MUST BE CHECKED FOR ZERO RESULT 


MODIFIED 


A ACCUMULATOR SuRTRAGT NOT MODIFIED 


M MEMORY POE ERSEC IRE ADEE SS AND » MEMORY BIT ? 


My MEMORY PER STACK POINTER OR ». MEMORY BIT 6 
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SY6502 — 40 Pin Package 


RES 
@2(0UT) 
S.0. 

@o (IN) 
N.C. 


OONO WD UN — 


SY6502 


SY6503 — 28 Pin Package 


@o(OUT) 
Bo( IN) 
R/W 
DBO 
DBI 
DB2 
0B3 
DB4 
DB5 
DB6 
DB7 
ABI! 
ABIO 
ABS 


! 
2 
3 
4 
5 
+ 6 
7 
8 
9 


SY 6503 


SY6504 — 28 Pin Package 


02(OUT) 
Bo(IN) 
R/W 
DBO 
DBI 
DB2 
DB3 
DB4 
OB5 
DB6 
DB7 
ABl2 
ABII 
ABIO 


O DONANAARWN — 


SY 6504 
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* 65K Addressable Bytes of Memory 
* IRQ Interrupt * NMI Interrupt 
* On-the-chip Clock 
¥Y TTL Level Single Phase Input 
Y RC Time Base Input 
Vv Crystal Time Base Input 
* SYNC Signal 
(can be used for single instruction 


execution) 
* RDY Signal 
(can be used for single cycle 
execution) 
* Two Phase Output Clock for 
Timing of Support Chips 


Features of SY6502 


* 4K Addressable Bytes of 
Memory (ABO0-AB11) 


* On-the-chip Clock 
* IRQ Interrupt 
* NMI Interrupt 


* 8 Bit Bi-Directional Data Bus 


Features of SY6503 


* 8K Addressable Bytes of 
Memory (ABOO-AB12) 


* On-the-chip Clock 
* IRQ Interrupt 


* 8 Bit Bi-Directional Data Bus 


Features of SY6504 
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SY6505 — 28 Pin Package 


@o(OUT) 
Oo(IN) 
R/W. 
DBO 
OBI 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 
ABII 
ABIO 
ABS 


4K Addressable Bytes of 
Memory (ABOO-AB11) 


* On-the-chip Clock 


| 
2 
3 
4 
5 
6 
? 
8 
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* IRQ Interrupt 


* RDY Signal 


* 8 Bit Bi-Directional Data Bus 


SY6505 Features of SY6505 


SY6506 — 28 Pin Package 


4K Addressable Bytes of 
Memory (ABOO-AB11) 


On-the-chip Clock 
IRQ Interrupt 


ODNDUAAWN — 


* Two phases off 


8 Bit Bi-Directional Data Bus 


SY6506 Features of SY6506 


SY6512 — 40 Pin Package 


aon Addressable Bytes of Memory 
Interrupt 
Interrupt 
Signal 

8 Bit Bi-Directional Data Bus 


SYNC Signal 


Two phase input 


Data Bus Enable 


SY6512 


Features of SY6512 
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SY6513 — 28 Pin Package 


4K Addressable Bytes of 
Memory (ABOO-AB11) 


Two phase clock input 
IRQ Interrupt 
NMI Interrupt 


8 Bit Bi-Directional Data Bus 


SY6513 Features of SY6513 


SY6514 — 28 Pin Package 


8K Addressable Bytes of 
Memory (ABOO0-AB12) 


Two phase clock input 
IRQ Interrupt 


| 

2 
3 
4 
5 
6 
7 
8 
9 


8 Bit Bi-Directional Data Bus 


SY6514 Features of SY6514 


SY6515 — 28 Pin Package 


4k Addressable Bytes of 
Memory (ABOO-AB11) 


Two phase clock input 


O OMONANUA WN — 


IRQ Interrupt 


8 Bit Bi-Directional Data Bus 


SY6515 _ Features of SY6515 
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MICRO- 
PROCESSORS 


TIME BASE GENERATION OF INPUT CLOCK 


SY 6502 SY6503, SY6504, SY6505, SY6506 


YSTEM 
SYSTEM Q, > SYSTEM 0, 


PIN 
37 Oy (IN) Qo (IN) 
39 @Q> (OUT) > (OUT) 


SY6502 Parallel Mode Crystal Controlled Oscillator SY6503,4,5,6 Parallel Mode Crystal 
Controlled Oscillator 


SYSTEM Q, | , > SYSTEM 


PIN | PIN 
37 Oy (IN) | 27 @y (IN) 
39 @> (OUT) 28 O45 (QUT) 


CRYSTAL CRYSTAL 


Y65 ies Mode j 
SY6502 Series Mode Crystal Controlled Oscillator SY6503,4,5,6 Series Mode Crystal 
Controlled Oscillator 


SYSTEM Q, 
SYSTEM Q, 2 


PIN 
QO, UN) 27) OG (IN) 
a -8 Or (OUT) 


SY6502 Time Base Generator — RC Network SY6503,4,5,6 Time Base Generation 
RC Network 


SY6520 


Synertek 


3050 Coronado Drive, Santa Clara, CA. 95051 
(408) 984-8900 TWX 910-338-0135 


SY6520 PERIPHERAL ADAPTER 


Ss 


DESCRIPTION 


The SY6520 Peripheral Adapter is designed to solve a broad range of peripheral 
control problems in the implementation of microcomputer systems. This device allows 
a very effective trade-off between software and hardware by providing significant 
capability and flexibility in a low cost chip. When coupled with the power and 
speed of the SY6S00 family of microprocessors, the SY6520 allows implementation 
of very complex systems at a minimum overall cost. 


Control of peripheral devices is handled primarily through two 8-bit bi-direc- 
tional ports. Each of these lines can be programmed to act as either an input or 
an output. In addition, four peripheral control/interrupt input lines are provided. 
These lines can be used to interrupt the processor or for "hand-shaking" data 
between the processor and a peripheral device. 


High performance replacement for 
Motorola/AMI/MOSTEK/Hitachi peripheral 
adapter. 


N channel, depletion load technology, 
single +5V supply. SY652U 


Completely Static and TTL compatible. 
CMOS compatible peripheral control lines. 
Fully automatic "hand-shake" allows very 


positive control of data transfers between 
processor and peripheral devices. 


COND MN BW Ww 


<> = CONTROL 


8 BIT 


DATA PORT) peRIPHERAL 
MICROPROCESSORS DEVICES - 


SY650X PRINTERS, 
DISPLAYS, ETC. 
8 BIT 


CONTROL DATA PORT 


Cc > ~CONTROL 
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MICRO- 
PROCESSORS 


SUMMARY OF SY6520 OPERATION 


See SYNERTEK Microcomputer Hardware Manual for detailed description of SY6520 operation. 


CA1/CBI CONTROL 


CRA (CRB) 
Active Transition IRQA (IRQB) 
Bit 1 Bit 0 of Input Signal* Interrupt Outputs 


0 0 negative Disable--remain high 


0 ] negative Enable--goes low when bit 7 in CRA (CRB) is set by 
active transition of signal on CAl (CB1) 


1 0 positive Disable--remain high 


1 1 positive Enable--as explained above 


*Note: Bit 7 of CRA (CRB) will be set to a logic 1 by an active transition of the CAl (CB1) 
signal. This is independent of the state of Bit 0 in CRA (CRB). 


CA2/CB2 INPUT MODES 


: Active Transition IRQA (IRQB) 
Bit 5 Bit 4 Bit 3 of Input Signal* Interrupt Output 


0 0 0 negative Disable--remains high 


CRA (CRB) 


0 negative Enable--goes low when bit 6 in CRA (CRB) is set by 
active transition of signal on CA2 (CB2) 


0 positive Disable--remains high 


0 | positive Enable--as explained above 


*Note: Bit 6 of CRA (CRB) will be set to a logic 1 by an active transition of the CA2 (CB2) 
_ Signal. This is independent of the state of Bit 3 in CRA (CRB). 


ena CA2 OUTPUT MODES 


Bit 5S Bit 4 Bit 3 Mode - Description 


1 0 0 “Handshake” CA2 is set high on an active transition of the CAl interrupt 

, on Read input signal and set low by a microprocessor "Read A Data" 
operation. This allows positive control of data transfers 
from the peripheral device to the microprocessor. 


Pulse Output CA2 goes low for one cycle after a "Read A Data" operation. 
This pulse can be used to signal the peripheral device that 
data was taken. 


Manual Output CA2 set low 


Manual Output CA2 set high 


CB2 OUTPUT MODES 


Bit 5 Bit 4 Bit 3 Mode Description 


1 0 0 "Handshake" CB2 is set low on microprocessor "Write B Data" operation and 
on Write is set high by an active transition of the CBl interrupt 
input signal. This allows positive control of data transfers 
from the microprocessor to the peripheral device. 


Pulse Output CB2 goes low for one cycle after a microprocessor "Write B 
Data" operation. This can be used to signal the peripheral 
device that data is available. 

Manual Output CB2 set low 


Manual Output CB2 set high 
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MAXIMUM RATINGS 


Rating Symbol 

supply Voltage VCC 23 to +7.0 This device contains circuitry 
to protect the inputs against 

Input Voltage oo tO 4750 : damage due to high static 
voltages, however, it is 

Operating Temperature Range Oe eae , advised that normal precautions 
be taken to avoid application 

Storage Temperature Range Tstg o> tO #150 i of any voltage higher than 
maximum rated voltages to this 
CLECuLt: 


STATIC D.C. CHARACTERISTICS (Vcc = 5.0 V + 5%, Vgg = 0, Ta = 25°C unless otherwise noted) 


Characteristic Symbol Min : Unit 


Input High Voltage (Normal Operating Levels) Vin ‘ Vdc 
Input Low Voltage (Normal Operating Levels) VIL : , Vde 
Input Threshold Voltage VIT ; é Vde 
Input Leakage Current lin Adc 
Vin = 0 to 5.0 Vdc 
R/W,Reset ,RSP,RS1,CSP,CS1,CS2,CA1,CB1, 2 
Threc-State (Off State Input Current 
(Vin = 0.4 to 2.4 Vdc, Voc = max) DP-D7,PBP-PBY ,CB2 
Input High Current 
(Vay = 2-4 Vdc) PA®-PAT ,CA2 
Input Low Current 
(Vip = 0.4 Vdc) PAQ-PA7,CA2 
Output High Voltage 
(Vcc = min, lpoag = -100 Adc) 
Output Low Voltage 
(Vcc = min, lioad = 1.6 mAdc) 
Output High Current (Sourcing) 
(VoH = 2.4 Vdc) 
(Vo = 1.5 Vde, the current for driving other than 
TTL, e.g., Darlington Base) PB#-PB7.,CB2 
Output Low Current (Sinking) 
(VoL = 0.4 Vdc) 
Output Leakage Current (Off State) TRQA, IRQB 
Power Dissipation 
Input Capacitance 
(Vin - 0, Ta = 25°C, f = 1.0 Miz) 
DO-D7, PAP-PA7 ,PBZ-PB7 ,CA2 ,CB2 
R/W,Reset ,RSP,RS1,CSP,CS1,CS2, 
CA1,CB1 , $2 
Output Capacitance Cout 
(Vin ~ 0. Ta = 25°C; £ = 1-0-Milz) 


NOTE: Negative sign indicates outward current flow, positive indicates inward flow. 


FIGURE 1 —- READ TIMING CHARACTERISTICS 


Address 


Peripheral 
Data 


Data Bus 


CA2 
(Pulse Out) 


CA2 
(Hand Shake) 
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FIGURE 2 — WRITE TIMING CHARACTERISTICS 


Enable 


9 
b 
< 


Read/Write 


Date Bus 


=» ap ee emp asp GP a =Vcc 


i 
5 
(77) 


: é 
a: 


Peripheral Data 


er 
oe 
< 


CB 2 
(Pulse Out) 


4 
Qo 
ie) 
as 


cB 2 
(Hand Shake) 


A.C. CHARACTERISTICS 
Read Timing Characteristics (Figure 1, Loading 130 pF and one TTL load) 
Characteristics Symbol 


Delay Time, Address valid to Enable positive transition TAEW 
Delay Time, Enable positive transition to Data valid on bus TEpR 
Peripheral Data Setup Time TPDSU 
Data Bus Hold Time THR 
Delay Time, Enable negative transition to CA2 negative transition Tca?2 
Delay Time, Enable negative transition to CA2 positive transition Tps) 
Rise and Fall Time for CAl and CA2 input signals tr, tf 
Delay Time from CAl active transition to CA2 positive transition Tprs? 
Rise and Fal'l Time for Enable input trE,tfE 


MICRO- 
_ PROCESSORS 


Write Timing Characteristics (Figure 2) 
Characteristics Symbol Min Typ 


Enable Pulse Width TE 0.470 
Delay Time, Address valid to Enable positive transition TAEW 180 
Delay Time, Data valid to Enable negative transition Tpsy _—- 300 
Delay Time, Read/Write negative transition to Enable positive TWE 130 
transition 
Data Bus Hold Time THW 
Delay Time, Enable negative transition to Peripheral Data valid TPpW 
Delay Time, Enable negative transition to Peripheral Data Valid, Tcwos 
CMOS (Vcc - 30%) PA®-PA7, CA2 
Delay Time, Enable positive transition to CB2 negative transition Tcp?2 
Delay Time, Peripheral Data valid to CB2 negative transition ToC 
Delay Time, Enable positive transition to CB2 positive transition Tps} 
Rise and Fall Time for CB1 and CB2 input signals tr, tr 
Delay Time, CBl active transition to CB2 positive transition TrS2 


SY6522 
_ vynertek 


3050 Coronado Drive, Santa Clara, CA. 95051 
(408) 984-8900 TWX 910-338-0135 


SY6522 (VERSATILE INTERFACE ADAPTER) 


The SY6522 Versatile Interface Adapter (VIA) provides all of the capability of the SY6520. In addition, this device 
contains a pair of very powerful interval timers, a serial-to-parallel/parallel-to-serial shift register and input data latching 
on the peripheral ports. Expanded handshaking capability allows control of bi-directional data transfers between VIA’s 
in multiple processor systems. 


Control of peripheral devices is handled primarily through two 8-bit bi-directional ports. Each of these lines can be . 
programmed to act as either an input or an output. Also, several peripheral I/O lines can be controlled directly from the 
interval timers for generating programmable frequency square waves and for counting externally generated pulses. To 


facilitate control of the many powerful features of this chip, the internal registers have been organized into an interrupt 
flag register, an interrupt enable register and a pair of function control registers. 


e Very powerful expansion of basic SY6520 capability. e CMOS compatible peripheral control lines. 


e N channel, depletion load technology, single +5V e Expanded “handshake” capability allows very positive 
Supply. control of data transfers between processor and 


e Completely static and TTL compatible. peripheral devices. 


Figure 1. SY6522 BLOCK DIAGRAM 


INTERRUPT 
CONTROL 


INPUT LATCH 


ENABLE ——) BUFFERS == PORT 
(1ER) (PA) A 
DATA DIR. 
(DDRA) 


PERIPHERAL 


AUXILIARY 
(ACR) 


FUNCTION 
CONTROL 


HANDSHAKE 
CONTROL 
LATCH LATCH 
(T1L-H) (T1L-L) SHIFT REG. 
COUNTER t COUNTER (SR) 
(T1C-H) (T1C-L) 
TIMER 1 PORT B REGISTERS 
TIMER 2 INPUT LATCH 


LATCH 
(T2L-L) BUFFERS ——) PORT 
——4 (PB) B 
COUNTER ! COUNTER 
(T2C-H) (T2C-L) DATA DIR. 
(DDRB) 
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MAXIMUM RATINGS 


Symbol Value Unit This device contains circuitry to protect the 
Supply Voltage Vee: <OS404 70° Vda inputs against damage due to high static voltages. 
Input Voltage Vin. -<034647.00 Vde However, it is advised that normal precautions 
Operating Temperature Range Tk Oto+70 °C be taken to avoid application of any voltage 
Storage Temperature Range Tstg -S5to+150 °C higher than maximum rated voltages. 


aETS 


Input high voltage (normal operation) +2.4 Paes Vdc 
input Low Voltage (aonoal operon) vn | 03 |) 904 | vie 


IIN +1.0 a2: 


Input Leakage current - VIN = 0 to 5 Vdc 
R/W, RES, RSO, RS1, RS2, RS3, CS1, 
CS2, CA1, &2 


Off-state input current - VIN = 4 to2.4V [om er | +2.0 +10 
Vcc = Max, DO to D7 
PAO - PA7, CA2, PBO - PB7, CB1, CB2 
Input low current - Viv, = 0.4 Vdc IL -1.0 -1.6 m Adc 
PAO - PA7, CA2, PBO - PB7, CB1, CB2 
Output high voltage VOH 24 Vdc 
fee, CLL 
PAO - PA7, CA2, PBO -PB7, CB1, CB2 
Output low voltage VOL +0.4 Vdc 
Vcc = min, Ijgaq = 1.6 mAdc 
Output high current (sourcing) IOH 
VOH=24V -100 -1000 uAdc 
Output low current (sinking) IOL 1.6 mAdc 
On teh cheb aden 
TRO | 
in 


Input capacitance - Ta = 25°C, f= 1 Mhz C 
7.0 pF 
20 pF 


f) 
55 
O 

xo 
© WwW 
Ee) 
a 
QO. 


R/W, RES, RSO, RS1, RS2, RS3, CS1, CS2 
DO - D7, PAO - PA7, CA1, CA2, PBO - PB7, 
CB1, CB2 

®2 input 


Output capacitance - Ta = 25°C, f= 1 Mhz | Cour | - | - [| 10 | pF | 
| Powerdissipation =| Pe S| | C= C1000 | MW _ 
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Figure 2. READ TIMING CHARACTERISTICS 
——@| TACR Tcy ———_ 
TCR 


P2 
CLOCK TCr 
aaa 2.4V 


0.4V 
PERIPHERAL (| 
DATA 
0.4V 
ween enn nnn n nnn nnn nnn eee eee 0.4V 


DYNAMIC CHARACTERISTICS 
Read Timing Characteristics (Figure 2, loading 130 pF and one TTL load) 


eydeime S—S—CSCS ey Qt | - | 0 
aes 
xa 


_ = | ns | 
—s 
S 


Delay time, clock positive transition to data valid on bus TCDR ee 395 
Peripheral data setup time TPCR 


Data bus hold time THR 10 


n 
Rise and fall time for clock input aa ee 
| TCF 


Write Timing Characteristics (Figure 3) 


— 
[Delay time, address valid to clock poaitive wansiton | Tacw [180 | — 
[Delay time, data valid to cock negative transition | Tpew | 300 |_| 
meee 
i 2a 

ese 


Min 

Sais 

arcs 

Pas 

are 

To [as 
0 


~N 


Tin 


Data bus hold time 
Delay time, Enable negative transition to peripheral data valid TCPW 


Delay time, clock negative transition to peripheral data valid TCMO 
CMOS (Vcc - 30%) 


rz 
—N 
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Figure 3. WRITE TIMING CHARACTERISTICS 


CY 


TC 
@2 
CLOCK TACW 
2.4V 
0.4V 
<—<{j}——__— ia» <5] —______——{igp- | <<] —____—e- 

Twcw TDCW TCMOS 2.4V 

READ/WRITE 


DATA 4 b 
BUS 


PERIPHERAL 
DATA 
wn 
om 
9 o Figure 4. 1/O TIMING CHARACTERISTICS 
tp) 
0 o PB6 INPUT 
=O PULSE COUNTING 2.4V 
ee MODE | 
a. 
CB2 SERIAL | 
DATA IN 2.4V 
0.4V 
CB1 CLOCK 2.4V 
, oe 8 8s 8 hI 0.4V 
TSR1 
TsSR2 
2.4V 
CB2 SERIAL 
DATA OUT 
0.4V 
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PERIPHERAL INTERFACE CHARACTERISTICS 


Rise and fall time for CAl1, CB1, CA2, and CB2 input signals. TRE 1.0 
1.0 


(read handshake or pulse mode). 
Delay time, clock negative transition to CA2 positive transition 
Delay time, CAI active transition to CA2 positive transition 

transition (write handshake). 

transition (pulse mode). 

transition (handshake mode). 

transition (input latching). 

(internal SR clock, shift out). 

data valid (external clock, shift out). 

clock (shift in, internal or external clock) 


Pulse Spacing - PB6 Input Pulse 
Pulse Spacing - CB1 Input Pulse 
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PROCESSOR INTERFACE 


This section contains a description of the buses and control lines which are used to interface the SY6522 to the system 
processor. Electrical parameters associated with this interface are specified elsewhere in this document. 


1. Phase Two Clock (®2) 


Data transfers between the SY6522 and the system processor take place only while the Phase Two Clock is high. 
In addition, 2 acts as the time base for the various timers, shift registers, etc. on the chip. 

2. Chip Select Lines (CS1, CS2) 

The two chip select inputs are normally connected to processor address lines either directly or through decoding. 
The selected SY6522 register will be accessed when CS1 is high and CS2 is low. 

3. Register Select Lines (RSO, RS1, RS2, RS3) 


The four Register select lines are normally connected to the processor address bus lines to allow the processor to 
select the internal SY6522 register which is to be accessed. The sixteen possible combinations access the registers as 
follows: 


w 
N 
Ww 


RS2 


REGISTER REMARKS 
ORB IRB | 


ORA, IRA Controls Handshake 
DRE 
DOR 
TIL-L Write Latch 
Read Counter 
Trigger T1L-L/ 
T1C-L Transfer 


TIL-L 


3 T1C-H 


TIL-H 
T2C-L Read Counter 
T2C-L Transfer 

~ ACR 


PCR oe ee eee 
ee ae ee 


IFR 
No Effect on 
Handshake 


Cp) 


YD 
6 
‘@) 

ry 
O WwW 
=O 
cc 
QA. 


JER 
ORA 


E 


NOTE: LS04V 
H224V 


4. Read/Write Line (R/W) 


The direction of the data transfers between the SY6522 and the system processor is controlled by the R/W line. 
If R/W is low, data will be transferred out of the processor into the selected SY6522 register (write operation). 
If R/W is high and the chip is selected, data will be transferred out of the SY6522 (read operation). 


5. Data Bus (DBO - DB7) 

The 8 bi-directional data bus lines are used to transfer data between the SY6522 and the system processor. The 
internal drivers will remain in the high-impedance state except when the chip is selected (CS1=HI, CS2=LO), 
Read/Write is high and the Phase Two Clock is high. At this time, the contents of the selected register are placed 


on the data bus. When the chip is selected, with Read/Write low and ©2 = 1, the data on the data bus will be trans- 
ferred into the selected SY6522 register. 
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6. Reset (RES) 


The reset input clears all internal registers to logic 0 (except T1, T2 and SR). This places all peripheral interface 
lines in the input state, disables the timers, shift register, etc. and disables interrupting from the chip. 


7. Interrupt Request (IRQ) 


The Interrupt Request output goes low whenever an internal interrupt flag is set and the corresponding interrupt 
enable bit is a logic 1. This output is “open-drain” to allow the interrupt request signal to be ‘“‘wire-or’ed” with 
other equivalent signals in the system. 


PERIPHERAL INTERFACE 


This section contains a brief description of the buses and control lines which are used to drive peripheral devices under 
control of the internal SY6522 registers. 


1. Peripheral A Port (PAO - PA7) 


The Peripheral A port consists of 8 lines which can be individually programmed to act as an input or an output 
under control of a Data Direction Register. The polarity of output pins is controlled by an Output Register and 
input data can be latched into an internal register under control of the CA1 line. All of these modes of operation 
are controlled by the system processor through the internal control registers. These lines represent one standard 
TTL load in the input mode and will drive one standard TTL load in the output mode. 


2. Peripheral A Control Lines (CA1, CA2) 


The two peripheral A control lines act as interrupt inputs or as handshake outputs. Each line controls an internal 
interrupt flag with a corresponding interrupt enable bit. In addition, CA1 controls the latching of data on Peripheral 
A Port Input lines. The various modes of operation are controlled by the system processor through the internal 
control registers. CAl is a high-impedance input only while CA2 represents one standard TTL load in the input 
mode. CA2 will drive one standard TTL load in the output mode. 


3. Peripheral B Port (PBO - PB7) 


The Peripheral B Port consists of 8 bi-directional lines which are controlled by an output register and a data direc- 
tion register in much the same manner as the PA port. In addition, the polarity of the PB7 output signal can be 
controlled by one of the interval timers while the second timer can be programmed to count pulses on the PB6 
pin. These lines represent one standard TTL load in the input mode and will drive one standard TTL load in the 
output mode. In addition, they are capable of sourcing 3.0 ma at 1.5 VDC in the output mode to allow the outputs 
to directly drive Darlington transistor switches. 


4. Peripheral B Control Lines (CB1, CB2) 


The Peripheral B control lines act as interrupt inputs or as handshake outputs. As with CAl and CA2, each line 
controls an interrupt flag with a corresponding interrupt enable bit. In addition, these lines act as a serial port 
under control of the Shift Register. These lines represent one standard TTL load in the input mode and will drive 
one standard TTL load in the output mode. In addition, they are capable of sourcing 3.0 ma at 1.5 VDC in the 
output mode to allow the outputs to directly drive Darlington transistor switches. 


Figure 5. PERIPHERAL DATA OUTPUT BUFFERS 


+5V +5 V 
INPUT/OUTPUT \ 
CONTROL | 
| 
1 
PAO — PA7, 
CA2 
PBO - PB7, 
' CB1, CB2 
1/0 CONTROL { 1 
OUTPUT DATA | 
OUTPUT DATA | 
1 
INPUT DATA INPUT DATA 
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SY6522 OPERATION 


This section contains a discussion of the various blocks of logic shown in Figure 1. In addition, the internal operation 
of the SY6522 is described in detail. 


A. Data Bus Buffers (DB), Peripheral A Buffers (PA), Peripheral B Buffers (PB) 


The characteristics of the buffers which provide the required voltage and current drive capability were discussed 
in the previous section. Electrical paramenters for these buffers are specified elsewhere in this document. 


B. Chip Access Control 


The Chip Access Control contains the necessary logic to detect the chip select condition and to decode the Register 
Select inputs to allow accessing the desired internal registers. In addition, the R/W and ©®2 signals are utilized to 
control the direction and timing of data transfers. When writing into the SY6522, data is first latched into a data 
input register during 2. Data is then transferred into the desired internal register during ®2 - Chip Select. This 
allows the peripheral I/O lines to change states cleanly. When the processor reads the SY6522, data is transferred 
from the desired internal register directly onto the Data Bus during ®2. 


C. Port A Registers, Port B Registers 


Three registers are used in accessing each of the 8-bit peripheral ports. Each port has a Data Direction Register 
(DDRA, DDRB) for specifying whether the peripheral pins are to act as inputs or outputs. A 0 in a bit of the 
Data Direction Register causes the corresponding peripheral pin to act as an input. A 1 causes the pin to act as 
an output. 


Each peripheral pin is also controlled by a bit in the Output Register (ORA, ORB) and an Input Register (IRA, 
IRB). When the pin is programmed to act as an output, the voltage on the pin is controlled by the corresponding 
bit of the Output Register. A 1 in the Output Register causes the pin to go high, and a 0 causes the pin to go low. 
Data can be written into Output Register bits corresponding to pins which are programmed to act as inputs; 
however, the pin will be unaffected. 


Reading a peripheral port causes the contents of the Input Register (IRA, IRB) to be transferrred onto the Data 
Bus. With input latching disabled, IRA will always reflect the data on the PA pins. With input latching enabled, 
IRA will reflect the contents of the Port A prior to setting the CAI Interrupt Flag (IFR1) by an active transition 
on CAI. 


The IRB register operates in a similar manner. However, for output pins, the corresponding IRB bit will reflect 
the contents of the Output Register bit instead of the actual pin. This allows proper data to be read into the pro- 
cessor if the output pin is not allowed to go to full voltage. With input latching enabled on Port B, setting CB1 
interrupt flag will cause the IRB to latch this combination of input data and ORB data until the interrupt flag is 
cleared. 
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D. Handshake Control 


The SY6522 allows very positive control of data transfers between the system processor and peripheral devices 
through the operation of “handshake” lines. Port A lines (CA1, CA2) handshake data on both a read and a write 
operation while the Port B lines (CB1, CB2) handshake on a write operation only. 


Read Handshake 


Positive control of data transfers from peripheral devices into the system processor can be accomplished very 
effectively using ‘““Read” handshaking. In this case, the peripheral device must generate “Data Ready” to signal 
the processor that valid data is present on the peripheral port. This signal normally interrupts the processor, 
which then reads the data, causing generation of a “Data Taken”’ signal. The peripheral device responds by 
making new data available. This process continues until the data transfer is complete. 


In the SY6522, automatic ‘“‘Read” handshaking is possible on the Peripheral A port only. The CAI interrupt 
input pin accepts the “Data Ready” signal and CA2 generates the “Data Taken” signal. The Data Ready signal 
will set an internal flag which may interrupt the processor or which can be polled under software control. The 
Data Taken signal can either be a pulse or a level which is set low by the system processor and is cleared by the 
Data Ready signal. These options are shown in Figure 6which illustrates the normal Read Handshaking sequence. 
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Write Handshake 


The sequence of operations which allows handshaking data from the system processor to a peripheral device 
is very similar to that described in Section A for Read Handshaking. However, for “Write” handshaking, the 
processor must generate the “Data Ready” signal (through the SY6522) and the peripheral device must 
respond with the “‘Data Taken” signal. This can be accomplished on both the PA port and the PB port on the 
SY6522.CA2 or CB2 acts as a Data Ready Output in either the DC level of pulse mode and CAI or CBI accepts 
the “Data Taken” signal from the peripheral device, setting the interrupt flag and clearing the “‘Data Ready” 
output. This sequence is shown in Figure 7. 


Figure 6. READ HANDSHAKE TIMING SEQUENCE 


et LI LS LL Ls Ls Ls Ll hk LL Lk 
CLOCK 
DATA AVAILABLE 


READ IRA a peel fi es 


OPERATION2 
DATA TAKEN- 


HANDSHAKE MODE aa a aa a | -_ 
(CA2) 


DATA TAKEN- 


PULSE MODE 
(CA2) — 
NOTES: 
1. Signals “data available’’ to the system processor. 


2. R/W = 1, CS2 = 0, CS1 = 1, RS2 = 0, RS3 = 0, RSO = 1. 


Figure 7. WRITE HANDSHAKE TIMING SEQUENCE 


2_FLFLIFLIL,FLUP UP LU LU LFA UU Ll 
CLOCK 
WRITE ORA | | | 


OPERATION1 

DATA AVAILABLE- 
HANDSHAKE MODE” | 

(CA2, CB2) 

DATA AVAILABLE 


PULSE MODE 
(CA2, CB2) 


DATA TAKEN 


(CA1, CB1) VCZZZILALLLLLL 


NOTES: 
1. R/W=0, CS2=0, CS1=1, RS3=0, RS2=0, 
RS1=0, RSO=1. 


2. Signals ‘‘data taken” to the system processor. 
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PROCESSORS 


-E. Timer 1 


Interval Timer T1 consists of two 8-bit latches and a 16-bit counter. The latches are used to store data which is to be 
loaded into the counter. After loading, the counter decrements at system clock rate, i.e., under control of the clock 
applied to the Phase Two input pin. Upon reaching zero, an interrupt flag will be set, and IRQ will go low. The timer 
will then disable any further interrupts, or will automatically transfer the contents of the latches into the counter and 
will continue to decrement. In addition, the timer can be instructed to invert the output signal on a peripheral pin each 
time it “‘times-out”’. Each of these modes is dicussed separately below. 


Writing the Timer 1 Registers 


The operations which take place when writing to each of the four T1 addresses are as follows: 


Operation (R/W =L) 


L Write into low order latch 
Write into high order counter. 
Transfer low order latch into low order counter. 
Reset T1 interrupt flag. 
Write into low order latch. 
Write into high order latch. 
Reset T1 interrupt flag. 


Note that the processor does not write directly into the low order counter (T1C-L). Instead, this half of the counter is 
loaded automatically from the low order latch when the processor writes into the high order counter. In fact, it may 
not be necessary to write to the low order counter in some applications since the timing operation is triggered by writing 
to the high order counter. 


The second set of addresses allows the processor to write into the latch register without affecting the count-down in 
progress. This is discussed in detail below. 


Reading the Timer 1 Registers 


For reading the Timer 1 registers, the four addresses relate directly to the four registers as follows. 


| RSO | Operation (R/W = H) 
Read T1 low order counter. Reset T1 interrupt flag. 
Read T1 high order counter. 


Read T1 low order latch. 
Read T1 high order latch. 


Timer 1 Operating Modes 


Two bits are provided in the Auxiliary Control Register to allow selection of the Tl operating modes. These bits and 
the four possible modes are as follows: 


ACR7 ACR6 
Output Enable ‘““Free-Run” Enable 
Generate a single time-out interrupt each time T1 is loaded. 
PB7 disabled. 


Generate continuous interrupts. PB7 disabled. 


i as Pts eae ce 
1 Generate a single interrupt and an output pulse on PB7 for 
each T1 load operation. 


Generate continuous interrupts and a square wave output 
on PB7. 
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TIMER 1 ONE-SHOT MODE 


The interval timer one-shot mode allows generation of a single interrupt for each timer load operation. As with any 
interval timer, the delay between the ‘“‘write T1C-H” operation and generation of the processor interrupt is a direct 
function of the data loaded into the timing counter. In addition to generating a single interrupt, Timer 1 can be pro- 
grammed to produce a single negative pulse on the PB7 peripheral pin. With the output enabled (ACR7=1) a “write 
T1C-H” operation will cause PB7 to go low. PB7 will return high when Timer 1 times out. The result is a single pro- 
grammable width pulse. 


NOTE 


PB7 will act as an output if DDRB7 = 1 or if ACR7 = 1. However, if both DDRB7 and ACR7 are 
logic 1, PB7 will be controlled from Timer 1 and ORB7 will have no effect on the pin. 


In the one-shot mode, writing into the high order latch has no effect on the operation of Timer 1. However, it will be 
necessary to assure that the low order latch contains the proper data before initiating the count-down with a “write 
T1C-H” operation.When the processor writes into the high order counter, the Tl interrupt flag will be cleared, the 
contents of the low order latch will be transferred into the low order counter, and the timer will begin to decrement at 
system clock rate. If the PB7 output is enabled, this signal will go low on the phase two following the write operation. 
When the counter reaches zero, the T] interrupt flag will be set, the IRQ pin will go low (interrupt enabled), and the 
signal on PB7 will go high. At this time the counter will continue to decrement at system clock rate. This allows the 
system processor to read the contents of the counter to determine the time since interrupt. However, the T1 interrupt 
flag cannot be set again unless it has been cleared as described elsewhere in this specification. 


Timing for the SY6522 interval timer one-shot modes is shown in figure 8. 


Figure 8. INTERVAL TIMER “ONE-SHOT” MODE TIMING SEQUENCE 
a2 _FLIOELILU LU UP LJ LU UP UP UP lw Ll 
CLOCK 
WRITE T1C-H | ; 
OPERATION1 a 
IRO OUTPUT eae a eam aaa aaa |e ee 


PB7 OUTPUT 


NOTES: N | N-1 | N-2 | N-3 | | 0 | FF | | FE | ED | FC | 
1. R/W=L,CS2=L,CS1=H, 
RS3 = L,RS2 =H, RS1=L, 


RSO =H. salts ee ee sites ascneeonaca 


TIMER 1 FREE-RUNNING MODE 


The most important advantage associated with the latches in T1 is the ability to produce a continuous series of evenly 
spaced interrupts and the ability to produce a square wave on PB7 whose frequency is not affected by variations in 
the processor interrupt response time. This is accomplished in the ‘‘free-running”’ mode. 


In the free-running mode (ACR6 = 1), the interrupt flag is set and the signal on PB7 is inverted each time the counter 
reaches zero. However, instead of continuing to decrement from zero after a time-out, the timer automatically transfers 
the contents of the latch into the counter (16 bits) and continues to decrement from there. The interrupt flag can be 
cleared by writing T1C-H, by reading T1C-L, or by writing directly into the flag as described below. However, it is not 
necessary to rewrite the timer to enable setting the interrupt flag on the next time-out. 


All interval timers in the SY6500 family devices are “‘re-triggerable’’. Rewriting the counter will always re-initialize the 
time-out period. In fact, the time-out can be prevented completely if the processor continues to rewrite the timer before 
it reaches zero. Timer 1 will operate in this mannerif the processor writes into the high order counter (T1C-H). However, 
by loading the latches only, the processor can access the timer during each down-counting operation without affecting 
the time-out in process. Instead, the data loaded into the latches will determine the length of the next time-out period. 
This capability is particularly valuable in the free-running mode with the output enabled. In this mode, the signal on 
PB7 is inverted and the interrupt flag is set with each time-out. By responding to the interrupts with new data for the 
latches, the processor can determine the period of the next half cycle during each half cycle of the output signal on PB7. 
In this manner, very complex waveforms can be generated. Timing for the free-running mode is shown in Figure 9. 
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Figure 9. TIMER 1 “FREE-RUNNING” MODE 


pt el Ee ib es Lhe ee LE rk 


WRITE T1C-H | | ; 
OPERATION 


Pee N+1.5 CYCLES eee See eee N+2 CYCLES ee 


F. Timer 2 


Timer 2 operates as an interval timer (in the ‘“‘one-shot”’ mode only), or as a counter for counting negative 
pulses on the PB6 peripheral pin. A single control bit is provided in the Auxiliary Control Register to select 
between these two modes. This timer is comprised of a “‘write-only”’ low-order latch (T2L-L), a “‘read-only”’ 
low-order counter and a read/write high order counter. The counter registers act as a 16-bit counter which 
decrements at 2 rate. 


Timer 2 addressing can be summarized as follows: 
R/W=0 R/W=1 


Write T2L-L Read T2C-L 
Clear Interrupt flag 


Write T2C-H Read T2C-H 
Transfer T2L-L to T2C-L 
Clear Interrupt flag 


. 


Timer 2 Interval Timer Mode 


As an interval timer, T2 operates in the “‘one-shot” mode similar to Timer |. In this mode, T2 provides a single 
interrupt for each “write T2C-H” operation. After timing out, the counter will continue to decrement. How- 
ever, setting of the interrupt flag will be disabled after initial time-out so that it will not be set by the counter 
continuing to decrement through zero. The processor must rewrite T2C-H to enable setting of the interrupt 
flag. The interrupt flag is cleared by reading T2C-L or by writing T2C-H. Timing for this operation is shown 
in Figure 8. 


Timer 2 Pulse Counting Mode 


In the pulse counting mode, T2 serves primarily to count a predetermined number of negative-going pulses 
on PB6. This is accomplished by first loading a number into T2. Writing into T2C-H clears the interrupt flag and 
allows the counter to decrement each time a pulse is applied to PB6. The interrupt flag will be set when T2 
reaches zero. At this time the counter will continue to decrement with each pulse on PB6. However, it is 
necessary to rewrite T2C-H to allow the interrupt flag to set on subsequent down-counting operations. Timing 
for this mode is shown in Figure 10.:'The pulse must be low on the leading edge of ©2. 


Figure 10. TIMER 2 PULSE COUNTING MODE 
WRITE T2C-H [1] 
OPERATION 
PB6 INPUT aa aaa (acca) a ee aac (0 aaa (i (aaa 
1RO OUTPUT are aaa aes aaa anaes ee 


N | N-1 | n2 2 | 1 | 0 
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G. Shift Register 


The Shift Register (SR) performs serial data transfers into and out of the CB2 pin under control of an internal 
modulo-8 counter. Shift pulses can be applied to the CB1 pin from an external source or, with the proper 
mode selection, shift pulses generated internally will appear on the CB1 pin for controlling external devices. 


The control bits which select the various shift register operating modes are located in the Auxiliary Control 
Register. These bits can be set and cleared by the system processor to select one of the operating modes 
discussed in the following paragraphs. 


Shift Register Input Modes 


Bit 4 of the Auxiliary Control Register selects the input or output modes. There are three input modes and 
four output modes, differing primarily in the source of the pulses which control the shifting operation. With 
ACR4 = 0 the input modes are selected by ACR3 and ACR? as follows: 


po Shift Register Disabled 
po Shift in under control of Timer 2 
pot Shift in at System Clock Rate. 


1 1 Shift in under control of external 
input pulses 


Mode 000 - Shift Register Disabled 


The 000 mode is used to disable the Shift Register. In this mode the microprocessor can write or read the SR, 
but the shifting operation is disabled and operation of CB1 and CB2 is controlled by the appropriate bits in 
the Peripheral Control Register (PCR). In this mode the SR Interrupt Flag is disabled (held to a logic 0). 


Mode 001 - Shift in Under Control of Timer 2 


In this mode the shifting rate is controlled by the low order 8 bits of T2. Shift pulses are generated on the 
CB1 pin to control shifting in external devices. The time between transitions of this output clock is a function 
of the system clock period and the contents of the low order T2 latch. 


The shifting operation is triggered by writing or reading the shift register. Data is shifted first into the low or- 
der bit of SR and is then shifted into the next higher order bit or the shift register on the trailing edge of each 
clock pulse. As shown in Figure 11, the input data should change before the leading edge of the clock pulse. 
This data is loaded into the shift register during the system clock cycle following the trailing edge of the clock 
pulse. After 8 clock pulses, the shift register interrupt flag will be set and IRQ will go low. 


Figure 11. SHIFTING IN UNDER CONTROL OF T2 


oe JUULIUU LULU ur Ls Uk 
WRITE OR READ | 


SHIFT REG. 


INPUT DAR LLL... ILL 


CB1 
SHIFT CLOCK | 1 | 
iRO ee 
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Mode 010 - Shift in at System Clock Rate 


In this mode the shift rate is a direct function of the system clock frequency. CB1 becomes an output which 
generates shift pulses for controlling external devices. Timer 2 operates as an independent interval timer and 
has no effect on SR. The shifting operation is triggered by reading or writing the Shift Register. Data is shifted 
first into bit 0 and is then shifted into the next higher order bit of the shift register on the trailing edge of each 
clock pulse. After 8 clock pulses, the shift register interrupt flag will be set, and the output clock pulses on 
CB1 will stop. 


Figure 12. TIMING SEQUENCE FOR SHIFTING IN AT SYSTEM CLOCK RATE 


om Ls lel Ls La LS al ee 
WRITE SR 


OPERATION 
OUTPUT CLOCK 


(CB1) | | 7/ | 
INPUT DATA 
(CB2) 


iRQ ee ee ees 


Mode 011 - Shift in Under Control of External Clock 


In this mode CB1 becomes an input. This allows an external device to load the shift register at its own pace. 
The shift register counter will interrupt the processor each time 8 bits have been shifted in. However, the 
shift register counter does not stop the shifting operation; it acts simply as a pulse counter. Reading or writing 
the Shift Register resets the Interrupt flag and initializes the SR counter to count another 8 pulses. 


Note that the data is shifted during the first system clock cycle following the leading edge of the CB1 shift 
pulse. For this reason, data must be held stable during the first full cycle following CB1 going high. Timing 
for this operation is shown in Figure 13. 


Figure 13. TIMING SEQUENCE FOR SHIFTING IN UNDER CONTROL OF EXTERNAL CLOCK 


IR 


NOTE: DATA SHIFTED IN AT POINT A. 
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Shift Register Output Modes 


The four Shift Register Output Modes are selected by setting the Input/Output Control Bit (ACR4) to a logic 
1 and then selecting the specific output mode with ACR3 and ACR2. In each of these modes the Shift Register 
shifts data out of bit 7 to the CB2 pin. At the same time the contents of bit 7 are shifted back into bit 0. As 
in the input modes, CB1 is used either as an output to provide shifting pulses out or as an input to allow 
shifting from an external pulse. The four modes are as follows: 


Shift out - Free-running mode. 


a ae Shift rate controlled by T2. 

et ff oe oo  & Shift out - Shift rate controlled by T2. 
Shift pulses generated on CB1. 
po Shift out at system clock rate, 


Mode 100 Free-Running Output 


This mode is very similar to mode 101 in which the shifting rate is set by T2. However, in mode 100 the SR 
Counter does not stop the shifting operation. Since the Shift Register bit 7 (SR7) is recirculated back into bit 
0, the 8 bits loaded into the shift register will be clocked onto CB2 repetitively. In this mode the shift register 
counter is disabled. 


Mode 101 - Shift out Under Control of T2 


In this mode the shift rate is controlled by T2 (as in the previous mode). However, with each read or write of 
the shift register the SR Counter is reset and 8 bits are shifted onto CB2. At the same time, 8 shift pulses are 
generated on CBI to control shifting in External devices. After the 8 shift pulses, the shifting is disabled, the 
SR Interrupt Flag is set and CB2 goes to a state determined by the CB2 Control bit (PC5) in the Peripheral 
Control Register. 


The CB2 Control bits (PC7, PC6, and PC5)must be used to set CB2 to a manual output selecting either a 
high or low polarity. If the shift register is reloaded before the last time-out, the shifting will continue. This 
sequence is illustrated in Figure 14. 


Figure 14. SHIFTING OUT UNDER CONTROL OF T2 
42 FfLILILJI LU UU LSILILLSULU_LISIL LU Li 
CLOCK 
WRITE SR | ; 


OPERATION 
OUTPUT DATA ; 1 

(CB2) 

OUTPUT CLOCK 


(CB1) ee ee 
TR 


NOTES: 
1. DATA OUT DETERMINED BY CB2 CONTROL IN PCR. 


Mode 110 - Shifting out at System Clock Rate 


In this mode the shift register operation is similar to that shown in Figure 11. However, the shifting rate is a 
function of the system clock on the chip enable pin (®2) and is independent of T2. Timer 2 resumes its nor- 
mal function as an independent interval timer. Figure 15 illustrates the timing sequence for mode 110. 
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Figure 15. SHIFTING OUT UNDER CONTROL OF SYSTEM CLOCK 


e2 SULLY ELL Le 


CLOCK 


WRITE SR | ERS 


OPERATION 
CLOCK OUT 


(CB1) | | | 71 | | 
DATA OUT 
(CB2) 


IRQ a aaa aa: |e 


NOTES: 
1. Data out determined by CB2 control in PCR. 


Mode 111 - Shift out under Control of an External Pulse 


In this mode, shifting is controlled by pulses applied to the CB1 pin by an external device. The SR counter sets 
the SR Interrupt flag each time it counts 8 pulses but it does not disable the shifting function. Each time the 
microprocessor writes or reads the shift register, the SR Interrupt flag is reset and the SR counter is initialized 
to begin counting the next 8 shift pulses on pin CB1. After 8 shift pulses, the interrupt flag is set. The micro- 
processor can then load the shift register with the next byte of data. 


Figure 16. SHIFTING OUT UNDER CONTROL OF EXTERNAL CLOCK 
writesR [| 


OPERATION 
INPUT CLK 


OUTPUT DATA 
(CB2) 


ee 
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H. Interrupt Control 


Controlling interrupts within the SY6522 involves three principal operations. These are flagging the interrupts, 
enabling interrupts and signalling to the processor that an active interrupt exists within the chip. Interrupt 
flags are set by interrupting conditions which exist within the chip or on inputs to the chip. These flags 
normally remain set until the interrupt has been serviced. To determine the source of an interrupt, the micro- 
processor must examine these flags in order from highest to lowest priority. This is accomplished by reading the 
flag register into the processor accumulator, shifting this register either right or left and then using conditional 
branch instructions to detect an active interrupt. 


Associated with each interrupt flag is an interrupt enable bit. This bit can be set or cleared by the processor to 
enable interrupting the processor from the corresponding interrupt flag. If an interrupt flag is set to a logic 
1 by an interrupting condition, and the corresponding interrupt enable bit is set to a 1, the Interrupt Request 
Output (IRQ) will go low. IRQ is an “open-collector” output which can be “wire-or’ed” with other devices 
in the system to interrupt the processor. 


In the SY6522, all the interrupt flags are contained in one register. In addition, bit 7 of this register will be 
read as a logic 1 when an interrupt exists within the chip. This allows very convenient polling of several devices 
within a system to locate the source of an interrupt. 
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REGISTER REGISTER BIT 


NAME 


Interrupt 
Flag 


Register (IFR) 


Interrupt 
Enable 
Register (IFR) 


Interrupt Flag Register 


The IFR is a read/bit-clear register. When the proper chip select and register signals are applied to the chip, the 
contents of this register are placed on the data bus. Bit 7 indicates the status of the [RQ output. This bit 
corresponds to the logic function: IRQ = IFR6 x IER6 + IFRS x JERS + IFR4 x IER4 + IFR3 x IER3 + 
IFR2 x IER2 + IFR1 x IER1 + IFRO x IERO. Note: X = logic AND, + = Logic OR. 


Bits six through zero are latches which are set and cleared as follows: 


Bit # Set by Cleared By 


Active transition of the signal on the CA2 pin Reading or writing the A port Output Register 
(ORA) using address 0001. 

1 Active transition of the signal on the CA1 pin Reading or writing the A Port Output Register 
(ORA) using address 0001. 


Completion of eight shifts. Reading or writing the Shift Register 
Active transition of the signal on the CB2 pin. Reading or writing the B Port Output Register 


Active transition of the signal on the CB1 pin Reading or writing the B Port Output Register. 
5 Time-out of Timer 2. Reading T2 low order counter. Writing T2 high 
order counter 
Time-out of Timer 1. Reading T1 low order counter. Writing T1 high 
order counter. 


The IFR bit 7 is not a flag. Therefore, this bit is not directly cleared by writing a logic 1 into it. It can only be 
cleared by clearing all the flags in the register or by disabling all the active interrupts as discussed in the next 
section. 


Interrupt Enable Register (IER) 


For each interrupt flag in IFR, there is a corresponding bit in the Interrupt Enable Register. The system 
processor can set or clear selected bits in this register to facilitate controlling individual interrupts without 
affecting others. This is accomplished by writing to address 1110 (IER address). If bit 7 of the data placed on 
the system data bus during this write operation is a 0, each 1 in bits 6 through 0 clears the corresponding bit 
in the Interrupt Enable Register. For each zero in bits 6 through 0, the corresponding bit is unaffected. 


Setting selected bits in the Interrupt Enable Register is accomplished by writing to the same address with bit 
7 in the data word set to a logic 1. In this case, each 1 in bits 6 through O will set the corresponding bit. For 
each zero, the corresponding bit will be unaffected. This individual control of the setting and clearing opera- 
tions allows very convenient control of the interrupts during system operation. 


In addition to setting and clearing IER bits, the processor can read the contents of this register by placing the 
proper address on the register select and chip select inputs with the R/W line high. Bit 7 will be read as a logic 0. 
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!. Function Control 


Control of the various functions and operating modes within the SY6522 is accomplished primarily through 
two registers, the Peripheral Control Register (PCR) and the Auxiliary Control Register (ACR). The PCR is 
used primarily to select the operating mode for the four peripheral control pins. The Auxiliary Control Regis- 
ter selects the operating mode for the interval timers (T1, T2), and the serial port (SR). 


Peripheral Control Register 


The Peripheral Control Register is organized as follows: 
=e 
Function CB2 CBI CA2 CAI 

Control Control Control Control 


Each of these functions is discussed in detail below. 


1. CA1 Control 


Bit O of the Peripheral Control Register selects the active transition of the input signal applied to the CA1 
interrupt input pin. If this bit is a logic 0, the CAI interrupt flag will be set by a negative transition (high to 
low) of the signal on the CA1 pin. If PCRO is a logic 1, the CA1 interrupt flag will be set by a positive transi- 
tion (low to high) of this signal. 


2. CA2 Control 


The CA2 pin can be programmed to act as an interrupt input or as a peripheral control output. As an input, 
CA2 operates in two modes, differing primarily in the methods available for resetting the interrupt flag. Each 
of these two input modes can operate with either a positive or a negative active transition as described above 
for CA1. 


In the output mode, the CA2 pin combines the operations performed on the CA2 and CB2 pins of the SY6522. 
This added flexibility allows processor to perform a normal ‘write’? handshaking in a system which uses CB1 
and CB2 for the serial operations described above. The CA2 operating modes are selected as follows: 


PCR2 


ig") 


= an c) 
v) 
—_ 


ep) 
cc 
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EvEX 
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Input mode—Set CA2 interrupt flag (IFRO) on a negative transition of the input 
signal. Clear IFRO on a read or write of the Peripheral A Output Register. 


Independent interrupt input mode—Set IFRO on a negative transition of the CA2 
input signal. Reading or writing ORA does not clear the CA2 Interrupt flag. 


Input mode—Set CA2 interrupt flag on a positive transition of the CA2 input 
signal. Clear IFRO with a read or write of the Peripheral A Output Register. 


Independent Interrupt input mode—Set IFRO on a positive transition of the CA2 
input signal. Reading or writing ORA does not clear the CA2 interrupt flag. 


Handshake output mode—Set CA2 output low on a read or write of the Peripheral 
A Output Register. Reset CA2 high with an active transition on CAI. 


Pulse Output mode—CA2 goes low for one cycle following a read or write of 
the Peripheral A Output Register. — 
Manual output mode—The CA2 output is held low in this mode. 


Manual output mode—The CA2 output is held high in this mode. | 


1 


1 
] 


1 


In the independent input mode, writing or reading the ORA register has no effect on the CA2 interrupt flag. 
This flag must be cleared by writing a logic 1 into the appropriate IFR bit. This mode allows the processor to 
handle interrupts which are independent of any operations taking place on the peripheral I/O ports. 


The handshake and pulse output modes have been described previously. Note that the timing of the output 
signal varies slightly depending on whether the operation is initiated by a read or a write. 
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3. CB1 Control 


Control of the active transition of the CB1 input signal operates in exactly the same manner as that described 
above for CA1. If PCR4 isalogic 0 the CB1 interrupt flag (IFR4) will be set by a negative transition of the CB] 
input signal and cleared by a read or write of the ORB register. If PCR4 is a logic 1, IFR4 will be set by a posi- 
tive transition of CB1. 

If the Shift Register function has been enabled, CB1 will act as an input or output for the shift register clock 
signals. In this mode the CB1 interrupt flag will still respond to the selected transition of the signal on the 
CBI pin. 

4. CB2 Control 


With the serial port disabled, operation of the CB2 pin is a function of the three high order bits of the PCR. 
The CB2 modes are very similar to those decribed previously for CA2. These modes are selected as follows: 


fren [ros [rerspSOSC~“~—~‘ 


Interrupt input mode—Set CB2 interrupt flag (IFR3) on a negative transition of the 
CB2 input signal. Clear IFR3 on a read or write of the Peripheral B Output Register. 


Independent interrupt input mode—Set IFR3 on a negative transition of the CB2 
a ; ; ae 

input signal. Reading or writing ORB does not clear the interrupt flag. 

Input mode—Set CB2 interrupt flag on a positive transition of the CB2 input signal. 

Clear the CB2 interrupt flag on a read or write of ORB. 


Independent input mode—Set IFR3 on a positive transition of the CB2 input signal. 


Reading or writing ORB does not clear the CB2 interrupt flag. 


Handshake output mode-—Set CB2 low on a write ORB operation. Reset CB2 high 


po with an active transition of the CB1 input signal. 
| 1 [Pulse output mode—Set CB2 low for one cycle following a write ORB operation. 


Manual output mode—The CB2 output is held low in this mode. 


= 


Manual output mode—The CB2 output is held high in this mode. 


AUXIALIARY CONTROL REGISTER 


Many of the functions in the Auxiliary Control Register have been discussed previously. However, a summary 
of this register is presented here as a convenient reference for the SY6522 user. The Auxiliary Control Register 


is organized as follows: 
fe pf) 2 Pe 
Tl T2 Shift Register 


1. PA Latch Enable 


The SY6522 provides input latching on both the PA and PB ports. In this mode, the data present on the 
peripheral A input pins will be latched within the chip when the CA1 interrupt flag is set. Reading the PA port 
will result in these latches being transferred into the processor. As long as the CA1 interrupt flag is set, the 
data on the peripheral pins can change without affecting the data in the latches. This input latching can be 
used with any of the CA2 input or output modes. 


Latch | Latch 
Enable | Enable 


It is important to note that on the PA port, the processor always reads the data on the peripheral pins (as 
reflected in the latches). For output pins, the processor still reads the latches. This may or may not reflect the 
data currently in the ORA. Proper system operation requires careful planning on the part of the system 
designer if input latching is combined with output pins on the peripheral ports. 


Input latching is enabled by setting bit 0 in the Auxiliary Control Register to a logic 1. As long as this bit 
is a O, the latches will directly reflect the data on the pins. 
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2. PB Latch Enable 


Input latching on the PB port is controlled in the same manner as that described for the PA port. However, 
with the peripheral B port the input latch will store either the voltage on the pin or the contents of the Output 
Register (ORB) depending on whether the pin is programmed to act as an input or an output. As with the PA 
port, the processor always reads the input latches. 


3 Shift Register Control 
The Shift Register operating mode is selected as follows: 


1 


1 
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4. T2 Control 


Timer 2 operates in two modes. If ACRS = 0, T2 acts as an interval timer in the one-shot mode. If ACR5 = 1, 
Timer 2 acts to count a predetermined number of pulses on pin PB6. 


5. T1 Control 


Timer 1 operates in the one-shot or free-running mode with the PB7 output control enabled or disabled. These 
modes are selected as follows: 


One-shot mode—Output to PB7 enabled. 


Free-running mode—Output to PB7 enabled. 


APPLICATION OF THE SY6522 


The SY6522 represents a significant advance in general-purpose microprocessor I/O. Unfortunately, its many 
powerful features, coupled with a set of very flexible operating modes, cause this device to appear to be very 
complex at first glance. However, a detailed analysis will show that the VIA is organized to allow convenient 
control of these powerful features. This section seeks to assist the system designer in his understanding of the 
SY6522 by illustrating how the device can be used in microprocessor-based systems. 


A. Control of the SY6522 Interrupts 


Organization of the SY6522 interrupt flags into a single register greatly facilitates the servicing of interrupts 
from this device. Since there is only one IRQ output for the seven possible sources of interrupt within the chip, 
the processor must examine these flags to determine the cause of an interrupt. This is best accomplished by 
first transferring the contents of the flag register into the accumulator. At this time it may be necessary to 
mask off these flags which have been disabled in the Interrupt Enable Register. This is particularly important 
for the edge detecting inputs where the flags may be set whether or not the interrupting function has been 
enabled. Masking off these flags can be accomplished by performing an AND operation between the IER and 
the accumulator or by performing an “AND IMMEDIATE”. The second byte of this AND # instruction 
should specify those flags which correspond to interrupt functions which are to be serviced. 
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If the N flag is set after these operations, an active interrupt exists within the chips. This interrupt can be 
detected with a series of shift and branch instructions. 


Clearing interrupt flags is accomplished very conveniently by writing a logic 1 directly into the appropriate 
bit of the Interrupt Flag Register. This can be combined with an interrupt enable or disable operation as 
follows: 


LDA #@10010000 ; initialize accumulator 
STA IFR ; clear interrupt flag 
STA IER ; set interrupt enable flag 


Or: 


LDA #@00001000 ; initialize accumulator 
STA IFR ; clear interrupt flag 
STA IER ; disable interrupt 


Another very useful technique for clearing interrupt flags is to simply transfer the contents of the flag register 
back into this register as follows: 


LDA IFR ; transfer IFR to accumulator 
STA IFR ; clear flags corresponding to active interrupts 


After completion of this operation the accumulator will still contain the interrupt flag information. Most 
important, writing into the flag register clears only those flags which are already set. This eliminates the 
possibility of inadvertently clearing a flag while it is being set. 


B. Use of Timer 1 


Timer 1 represents one of the most powerful features of the SY6522. The ability to generate very evenly 
spaced interrupts and the ability to control the voltage on PB7 makes this timer particularly valuable in various 
timing, data detection and waveform generation applications. 


Time-of-Day Clock Applications 


An important feature of many systems is the time-of-day clock. In microprocessor-based systems the time of 
day is usually maintained in memory and is updated in an interrupt service routine. A regular processor 
interrupt will then assure that this time of day will always be available when it is needed in the main program. 


Generating very regular interrupts using previously available timers presented difficulties because of the need 
to re-load the timer for each interrupt. Unfortunately, the time between the interrupts will fluctuate due to 
variations in the interrupt response time. This problem is eliminated in the Timer 1 “free-running” mode. The 
accuracy of these “free-running” interrupts is only a function of the system clock and is not affected by 
interrupt response time. 


Asynchronous Data Detection 


The extraction of clock and data information from serial asynchronous ASCII signals or from any single 
channel data recording device relies on the ability to establish accurate strobes. As discussed previously, the 
period of these strobes can be seriously affected by the interrupt response time using conventional timers. 
However, T1 again allows generation of very accurate interrupts. The processor responds to these interrupts 
by strobing the input data. The ability to reload the T1 latches without affecting the count-down in progress 
is very useful in this application. This allows the strobe time to be doubled or halved during data detection. 
This sequence of operation is as follows: 


Figure 17. DETECTING ASYNCHRONOUS DATA USING TIMER 1 


| START BIT | DATA BIT | DATA BIT | 


SERIAL | re 


DATA 


ny a Oa 0 a 


T |< $2 ——_» |< a. | 2 ——__ 


Load T into T1 counter and 2T into 
T1 latch at beginning of start bit. 


5-39 


PROCESSORS 


Waveform Generation with Timer 1 


In addition to generating processor interrupts, Timer 1 can be used to control the output voltage on peripheral pin PB7 
(output mode). In this mode a single negative pulse can be generated on PB7 (one-shot mode) or, in the free-running 
mode, a continuous waveform can be generated. In this latter mode the voltage on PB7 will be inverted each time T1 
times out. 


A single solenoid can be triggered very conveniently in the one-shot mode if the PB7 signal is used to control the 
solenoid directly. With this configuration the solenoid can be triggered by simply writing to T1C-H. 


Generating very complex waveforms can be a simple problem if T1 is used to control PB7 in the free-running mode. 
During any count-down process the latches can be loaded to determine the length of the next count-down period. 
Figure 18 shows this timing sequence for generating ASCII serial data. 


Figure 18. ASCII SERIAL DATA GENERATION USING T1 


| START BIT | DATA BIT | | | | | 
OUTPUT | 


DATA CUETO ELEN esSsS(—Ci(iOeFeFeFeErPTF””™ti<i‘i‘i‘;i Oh hULrW 
a 


2 3 4 


Sime cot 


1. Load T into T1 counter and latch. Load T into T2 to trigger T1 latch reload. 
2. Load 2T into T1 latch during this bit time. Load 2T into T2, as before. 


3. Load T into T1 latch anytime during this period. Load NT into T2. N = number of 1's or 0's 
which follow. 


4. A series of 1’s and 0's will be generated until the T1 latch is again changed. Note that the 
use of T2 to control reloading the T1 latch eliminates the need to interrupt on each transition. 


An application where this mode of operation is also very powerful is in the generation of bi-phase encoded data for tape 
or disk storage. This encoding technique and the sequence of operations which would take place are illustrated in 
Figure 19. 


These applications represent only a tiny portion of the potential T1 applications. Some other possibilities are pulse 
width modulation waveforms, sound generation for video games, A/D techniques requiring very accurate pulse widths, 
and waveform synthesis in electronic games. 


Figure 19. GENERATING BI-PHASE ENCODED DATA 
0 0 1 0 0 0 1 
OUTPUT | | | | | | | | 
DATA (PB7) | | | | | | 
| a) | 


1 2 3 ? 
1. Load T1 counter and latch. 
2. Shift T1 latch one bit to the right during this period. 
3. Shift T1 latch left during this period. 
4. Shift T1 latch right during this period. 


Note that T1 must be accessed only when the output data changes. A string of 1’s or 0’s can be 
generated without processor intervention. 
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Figure 22. EXPANDING SYSTEM 1/O USING SHIFT REGISTER 


TO LAMP DRIVERS, ETC. 


SERIAL IN/ SERIAL IN/ 
PARALLEL OUT 


SERIAL IN/ 


$82 PARALLEL OUT PARALLEL OUT 
————— 
PBO 


PARALLEL IN/ PARALLEL IN/ PARALLEL IN/ 
SERIAL OUT SERIAL OUT SERIAL OUT 


TO INPUT SWITCHES 


Clock Generation Using the Shift Register 


In all output modes the data shifted out of bit 7 will also be shifted into bit 0. For this reason the Shift Register need 
not be re-loaded if the same data is to be shifted out each time. A Shift Register read operation can be used to trigger 
the shifting operation. 


This capability is very useful for generating peripheral clocks in the continuous output mode. This mode allows an 8-bit 
pattern to be shifted out continuously. This is illustrated in Figure 23. Note that in this mode the shifting operation is 
controlled by Timer 2. A single bit time can therefore be up to 256 clock cycles in length. 


Figure 23. CLOCK GENERATION USING SR FREE-RUNNING MODE 
CBI 


—e| T Wa— 


CB2 


NOTES: 
1. Shift Register loaded with 1110 00002 initially. 2. T determined by Timer 2. 


PACKAGE ae 10° max. 
ates 
DOT OR NOTCH 600 max. (15.87) 625 
TO LOCATE (15.24 mm) (15.11) .595 
PIN NO. 1 { 
.155 max. 
2.020 max. (3.93 mm) 
(51.30 mm) .190 max. 
(4.82 mm) 
SY6522 
.310 max. 
(7.87 mm) 
1.65) .065 [ 
(1.01) 040 | YP-—>|II|—— 100 min. 
bee (2.54 mm) 
55) .022 
(45) 018 | YP. ij 010 min. 
1.910 (48.51 mm) (.25 mm) 


1.890 (48.00 mm} 


19 EQUAL SPACES 
-100 G TOL. NONCUM. 
(2.54 mm) 


NOTE: Pin No. 1 is in lower left corner when 
symbolization is in normal orientation 
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Using the SY6522 Shift Register 


The Shift Register in the SY6522 is designed primarily as a synchronous serial communications port for distributed 
systems. These systems can be either single-processor with distributed peripheral controllers or distributed processor 
systems. The most important characteristic of the Shift Register in these applications is its ability to transfer informa- 
tion at relatively slow data rates to allow the use of R-C noise suppression techniques. This transfer can be accomplished 
while the processor is servicing other aspects of the system. An example of a simple 2-processor distributed system is 
shown in Figure 20. Use of the SY6522 Shift Register allows effective communication between the two systems without 
the use of relatively complex asynchronous communications techniques. 


Figure 20. USING SHIFT REGISTER FOR INTER-SYSTEM COMMUNICATION 


SYSTEM 1 SYSTEM 2 
CB2 DATA CB 
1 


2 
CB CLOCK CB1 a 
PBO BUSY” CONTROL PBO (= 


In a system with distributed peripherals, the Shift Register can be used to transfer data to the peripheral interface 
devices. This is illustrated in Figure 21 for a system with a number of distributed status displays. These displays are 
serviced by stand-alone controllers which actuate the lamps in the status displays with simple drivers. The data and 
clock lines are wired in parallel to each unit. In addition, a single SY6522 peripheral port allows selection of the display 
to be loaded. These select lines can be eliminated if all displays are to contain the same information. With the system 
shown, the status display can be updated at any time by simply selecting the desired display and then writing to the 
Shift Register. 


Figure 21. USING THE SHIFT REGISTER FOR SERVICING REMOTE STATUS DISPLAYS 


CB2 DATA 
CB1 CLOCK 


fea 
PBO SELECT1 | | | 


TO DISPLAY 
LAMP DRIVERS 


- 
LL. 
< 
” 
i 
a 
© 


REGISTER 


TO NEXT 
DISPLAY 


TO DISPLAY 
LAMP DRIVERS 


8-BIT SHIFT 
REGISTER 


Remote input devices can be serviced in much the same manner by shifting data into the Shift Register under control of 
a peripheral port output as shown in Figure 21. Each set of input switches can be polled by first selecting the set to be 
polled and then triggering the shifting operation with a Shift Register read operation. A shift register interrupt can be 
used to cause the processor to read the resulting input information after shifting is complete. 


The techniques described above can be utilized to expand I/O capability in a microprocessor based system. In a system 
with many status lamps or many input switches, simple TTL shift registers will provide the necessary I/O in a very cost 
effective manner. This is illustrated in Figure 22. 
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_ Synertek 


3050 Coronado Drive, Santa Clara, CA. 95051 
(408) 984-8900 TWX 910- 338- 0135 


SY6530 (MEMORY, I/O, TIMER ARRAY) 


The SY6530 is designed to operate in conjunction with the SY650X microprocessor Family. It is comprised of a mask 
programmable 1024 x 8 ROM, a 64 x 8 static RAM, two software controlled 8 bit bi-directional data ports allowing 
direct interfacing between the microprocessor unit and peripheral devices, and a software programmable interval timer 
with interrupt, capable of timing in various intervals from 1 to 262,144 clock periods. 


8 bit bi-directional Data Bus for direct communication 
with the microprocessor 

1024 x 8 ROM 

64 x 8 static RAM 

Two 8 bit bi-directional data ports for interface to 
peripherals 

Two programmable |/O Peripheral Data Direction 
Registers 


Programmable Interval Timer 

Programmable Interval Timer Interrupt 

TTL & CMOS compatible peripheral lines 

Peripheral pins with Direct Transistor Drive Capability 
High Impedence Three-State Data Pins 

Allows up to 7K contiguous bytes of ROM with no 
external decoding 


FIGURE 1. SY6530 BLOCK DIAGRAM 


DATA OUTPUT PERIPHERAL 


CONTROL REGISTER DATA BUFFER 
REGISTER A A 


A 


DATA 
BUS 
BUFFER 


ADDRESS 
DECODER 


-CS1 CS2 @2 R/W RES 


INTERVAL 
TIMER 
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PERIPHERAL OUTPUT 
DATA BUFFER REGISTER 
B B 


DATA 
CONTROL 
REGISTER 

B 


SY6530 


B-15K-11/77 


MICRO- 
PROCESSORS 


Fp) 
Oo 
O 

cy 
O Ww 
=6 
ae 
a. 


MAXIMUM RATINGS 


7 RATING SYMBOL VOLTAGE ) 
Supply Voltaue 
Top 


Input/Output Voltage 
Operating Temperature Range Poe ton Oe 


All inputs contain protection circuitry to prevent damage due to high static charges. Care should be exercised to pre- 
vent unnecessary application of voltage outside the specification range. | 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0V +5%, Vss = OV, Ta = 25°C) 


i 


Input Leakage Current; Vin, = Vss +5V 

AG-AQ, RS, R/W, RES, 62, PB6*, PB5* 

Input Leakage Current for High Impedence State 
(Three State); Vin = .4V to 2.4V; D@-D7 


| 


Low Input Current; Vij = .4V 10 
PA@-PA7, PB@-PB7 


Ne 
Output High Voltage OH 


Vec = MIN, ILoAD S-100uHA (PA@-PA7, PB@-PB7, D@-D7) 
ILOAD <-3mA (PA@-PB@) 


Output High Current (Sourcing); 
VOH 2 2.4V (PA@-PA7, PB@-PB7, D@-D7) 
2 1.5V Available for other than TTL 
(Darlingtons) (PA@, PB@) 


> 


V 
mM 
m 


m 


ro) 
na 


3\5 


c°) 


*When Programmed as address pins 
All values are D.C. readings 


WRITE TIMING CHARACTERISTICS 
Characteristic | 


Clock Period 
Rise & Fall Times 


R/W valid before positive transition of clock TWCW 


300 
THW 


Peripheral data valid after negative transition of clock driving CMOS 
(Level = Vcc -30%) 
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READ TIMIMG CHARACTERISTICS 


R/W valid before positive transition of clock TWCR 


Address valid before positive transition of clock TACR | 180. | 
Peripheral data valid before positive transition of clock 


Loading = 30 pF + 1 TTL load for PA@-PA7, PB@-PB7 
= 130 pF + 1 TTL load for D@-D7 


INTERFACE SIGNAL DESCRIPTION 
Reset (RES) 


During system initialization a low (S<0.4V) on the RES input will cause a zeroing of all four I/O registers. This in turn 
will cause all I/O buses to act as inputs thus protecting external components from possible damage and erroneous data 
while the system is being configured under software control. The Data Bus Buffers are put into an OFF-STATE during 
reset. Interrupt capability is disabled with the RES signal. The RES signal must be held low for at least one clock period 
when reset is required. 


Input Clock 


The input clock is a system Phase Two clock which can be either a low level clock (Vj, <0.4, Vjy > 2.4 or high level 
clock Vi <0.2, Vin = Voc +3). 


Read/Write (R/W) 


The R/W is supplied by the microprocessor array and is used to control the transfer of data to and from the micropro- 
cessor array and the SY6530. A high on the R/W pin allows the processor to read (with proper addressing) the data 
supplied by the SY6530. A low on the R/W pin allows a write (with proper addressing) to the SY6530. 


Interrupt Request (IRQ) 


The IRO pin is an interrupt pin from the interval timer. This same pin, if not used as an interrupt, can be used as a 
peripheral 1/O pin (PB7). When used as an interrupt, the pin should be set up as an input by the data direction register. 
The pin will be normally high with a low indicating an interrupt from the SY6530. An external pull-up device is not 
required; however, if collector-OR’d with other devices, the internal pullup may be omitted with a mask option. 


Data Bus (D0-D7) 


The SY6530 has eight bi-directional data pins (DO-D7). These pins connect to the system's data lines and allow transfer 
of data to and from the microprocessor array. The output buffers remain in the off state except when a Read operation 
occurs. 


Peripheral Data Ports 


The SY6530 has 16 pins available for peripheral |/O operations. Each pin is individually software programmable to act 
as either an input or an output. The 16 pins are divided into 2 8-bit ports, PAO-PA7 and PBO-PB7. PB5, PB6 and PB7 
also have other uses which are discussed in later sections. The pins are set up as an input by writing a ‘‘0” into the 
corresponding bit of the data direction register. A ‘‘1’’ into the data direction register will cause its corresponding bit 
to be an output. When in the input mode, the peripheral output buffers are in the ‘‘1’’ state and a pull-up device acts as 
less than one TTL load to the peripheral data lines. On a Read operation, the microprocessor unit reads the peripheral 
pin. When the peripheral device gets information from the SY6530 it receives data stored in the data register. The 
microproccessor will read correct information if the peripheral lines are greater than 2.0 volts for a ‘‘1’’ and less than 
0.8 volts for a ‘‘0’’ as the peripheral pins are all TTL compatible. Pins PAO and PBO are also capable of sourcing 3 ma at 
1.5V, thus making them capable of direct transistor drive. 


Address Lines (A0-AQ9) 


There are 10 address pins. In addition to these 10, there is the ROM SELECT (RS) pin. The above pins, AO-A9 and 
ROM SELECT, are always used as addressing pins. There are 2 additional pins which are mask programmable and can 
be used either individually or together as CHIP SELECTS. They are pins PB5 and PB6. When used as peripheral data 
pins they cannot be used as chip selects. | 


5-45 


7p) 
ie 
‘@) 

ag 
© ul 
S56 
ae a 
QA. 


FIGURE 2. WRITE TIMING CHARACTERISTICS 


TcYc 
TR Tc TF 
CLOCK INPUT 2.4 
0.4V 

Twcw 

2.4V 
R/w 

0.8V aay 

TACW 
2.4V 

ADDRESS 4 on 
c 0.8V 
0.4V 
THW 
2.4V 
7 2.0V > 
DATA BUS 0.aVv 
0.4V 
Vcc -30% 
2.4V 
PERIPHERAL 4 2.0V 
DATA 0.8V 
0.4V 
TCMOS 
FIGURE 3. READ TIMING CHARACTERISTICS 
2.4V 
CLOCK INPUT any 
AV 


wn 
6 
‘@) 

way, 
Ow 
S6 
ow 
Ou 


2.0V 
R/w 
Twer 0.4V 
TACR 


7 2 0V 2.4V 
ADDRESS 0.8V 


0.4V 
TPCR — | | 
PERIPHERAL 7 0V 2.4V 
DATA L oosv 


0.4V 
TCDR 
2.4V 
DATA BUS -« q 2.0V » 
0.8V 0.4V 
— Tic 
PB7(IRQ) 2.4V 
0.4V 
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INTERNAL ORGANIZATION 


A block diagram of the internal architecture is shown in Figure 1. The SY6530 is divided into four basic sections, RAM, 
ROM, |/O and TIMER. The RAM and ROM interface directly with the microprocessor through the system data bus and 
address lines. The I/O section consists of 2 8-bit halves. Each half contains a Data Direction Register (DDR) and an 1/O 
Register. 


ROM 1 K Byte (8 K Bits) 


The 8K ROM is in a 1024 x 8 configuration. Address lines AO-AQ, as well as RS are needed to address the entire ROM. 
With the addition of CS1 and CS2, seven SY6530’s may be addressed, giving 7168 x 8 bits of contiguous ROM. 


RAM - 64 Bytes (512 Bits) 


A 64 x 8 static RAM is contained on the SY6530. It is addressed by AO-A5 (Byte Select), RS, A6, A7, A8, AQ, and, 
depending on the number of chips in the system, CS1 and CS2. 


Internal Peripheral Registers 


There are four internal registers, two data direction registers and two peripheral !/O data registers. The two data direc- 
tion registers (A side and B side) contro! the direction of the data into and out of the peripheral pins. A ‘’1’’ written 
into the Data Direction Register sets up the corresponding peripheral buffer pin as an output. Therefore, anything then 
written into the |/O Register will appear on that corresponding peripheral pin. A ‘‘0”’ written into the DDR inhibits the 
output buffer from transmitting data to or from the |/O Register. For example, a ‘’1'’ loaded into data direction A, 
position 3, sets up peripheral pin PA3 as an output. If a ‘‘0’’ had been loaded, PA3 would be configured as an input and 
remain in the high state. The two data I/O registers are used to latch data from the Data Bus during a Write operation 
until the peripheral device can read the data supplied by the microprocessor array. 


During a read operation the microprocessor is not reading the I/O Registers but in fact is reading the peripheral data 
pins. For the peripheral data pins which are programmed as outputs the microprocessor will read the corresponding 
data bits of the |/O Register. The only way the |/O Register data can be changed is by a microprocessor Write operation. 
The I/O Register is not affected by a Read of the data on the peripheral pins. 


Interval Timer 


The Timer section of the SY6530 contains three basic parts: preliminary divide down register, programmable 8-bit 
register and interrupt logic. These are illustrated in Figure 4. 


The interval timer can be programmed to count up to 256 time intervals. Each time interval can be either 1T, 8T, 64T 
or 1024T increments, where T is the system clock period. When a full count is reached, an interrupt flag is set to a logic 
““1'". After the interrupt flag is set the internal clock begins counting down to a maximum of -255T. Thus, after the 
interrupt flag is set, a Read of the timer will tell how long since the flag was set to a maximum of 255T. 


The 8 bit system Data Bus is used to transfer data to and from the Interval Timer. If a count of 52 time intervis were to 
be counted, the pattern 0 0 1 10 100 would be put on the Data Bus and written into the Interval Time register. 


At the same time that data is being written into the Interval Timer, the counting intervals of 1,8 64, 1024T are decoded 
from address lines AO amd A1. During a Read or Write operation address line A3 controls the interrupt capability of 
PB7, i.e., AQ = 1 enables 1RO on PB7, A3 = 0 disables RO on PB7. When PB7 is used as an interrupt flag with the 
interval timer it should be programmed as an input. If PB7 is enabled by A3 and an interrupt occurs PB7 will go low. 
When the timer is read prior to the interrupt flag being set, the number of time intervals remaining will be read, i.e., 
51, 50, 49, etc. 


When the timer has counted down to 00000000 on the next count time an interrupt will occur and the counter 
will read 1 1111111. After interrupt, the timer register decrements at a divide by ‘1’ rate of the system clock. If 
after interrupt, the timer is read and a value of 111001 1 1 is read, the time since interrupt is 28T. The value read 
is in two’s complement. 


Valueread =11100100 
Complement =00011011 
ADD 1 =00011100=28. 


Thus to arrive at the total elapsed time, merely do a two’s complement add to the original time written into the timer. 
Again, assume time written as 0 0 1 10100 (=52). With a divide by 8, total time to interrup is (52 x 8) +1 = 417T. 
Total elapsed time would be 416T + 28T = 444T, assuming the value read after interrupt was 11100100. 


After interrupt, whenever the timer is written or read the interrupt is reset. However, the reading of the timer at the 
same time the interrupt occurs will not reset the interrupt flag. 


Figure 5 illustrates an example of interrupt. 
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FIGURE 4. BASIC ELEMENTS OF INTERVAL TIMER 


R/W A3 D7 D6 D5 D4 D3 D2 D1 DO R/W Al AO 


iG INTERRUPT PROGRAMMABLE DIVIDE - 
CONTROL 7 REGISTER DOWN 
D7 D6 D5 D4 D3 D2 D1 DO 
62 IN G 1 2 3 213 214 415 416 500 501 
WRITE T 
Ra 


1. Data written into Interval timer is00110100= 5219 
2. Data in Interval timer isO00011001=2519 


52 - - 1 = 52-26-1 = 25 
3. Data in Interval timer is00000000=019 
52 abe = 52-51-1=0 


4. Interrupt has occured at $2 pulse #416 
Data in Interval timer =11111111 


5. Data in Interval timer is 10101100 
two’s complement is0 1010100= 8419 
84 + (52 x 8) = 50010 


When reading the timer after an interrupt, A3 should be low so as to disable the |RQ pin. This is done so as to avoid 
future interrupts until another Write timer operation. 


ADDRESSING 


Addressing of the SY6530 offers many variations to the user for greater flexibility. The user may configure his system 
with RAM in lower memory, ROM in higher memory, and I/O registers with interval timers between the extremes. 
There are 10 address lines (AO-AQ9). In addition there is the possibility of 3 additional address lines to be used as chip- 
selects and to distinguish between ROM, RAM, 1/O and interval timer. Two of the additional lines are CS1 and CS2. 
The chip-select pins can also be PB5 and PB6. Whether the pins are used as chip-selects or peripheral I/O pins is a mask 
option and must be specified when ordering the part. Both pins act independently of each other in that either or both 
pins may be designated as chip-select. The third additional address line is RS. In a 2-chip system, RS would be used to 
distinguish between ROM and non-ROM sections of the SY6530. With the addressing pins available, a total of 7K 
contiguous ROM may be addressed with no external decode. Below is an example of a 1-chip and a 7-chip SY6530 
addressing scheme. 


One-Chip Addressing 
Figure 6 illustrates a 1-chip system for the SY6530. 
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FIGURE 6. SY6530 ONE CHIP ADDRESS ENCODING DIAGRAM 


INTERVAL 
Al TIMER 


Le INT. TIMER SEL. 
iE a « 


CS2 
C 
ae Hs Ol 
6s OP 
if SiR e ee eeae 
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oe sO 
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on ld i 
Te EEE EEE TTT 
re el eS 
PUBS ieee ily ay 
A5 = 
Hs s,s esa ne es s,s es eos Snes ea, ms ems vs, So es oe a te a t 
A4 
A3 
A2 
Al 
Ag 


A. X indicates mask programming 
i.e. ROM select = CS1eRSO 
RAM select = CS1eRSO#eA9eA6 
1/0 TIMER SELECT = CS1eRSO#«A9eA8eA7eAG 


B. Notice that A8 is a don’t care for 
RAM select 


C. CS2 can be used PBS in this example. 


Seven-Chip Addressing 


In the 7-chip system the objective would be to have 7K of contiguous ROM, with RAM in low order memory. The 7K 
of ROM could be placed between addresses 65,535 and 1024. For this case, assume A13, A14, and A15 are all 1 when 
addressing ROM, and 0 when addressing RAM or I/O. This would place the 7K ROM between addresses 65,535 and 
58,367. The 2 pins designated as chip-select or 1/O would be mask programmed as chip-select pins. Pin RS would be 
connected to address line A10. Pins CS1 and CS2 would be connected to address lines A11 and A12 respectively. See 
Figure 7. 


The two examples shown would allow addressing of the ROM and RAM; however, once the I/O or timer has been 
addressed, further decoding is necessary to select which of the !/O registers is desired, as well as the coding of the 
interval timer. 

1/O Register - Timer Addressing 


Figure 8 illustrates the address decoding for the internal elements and timer programming. Address lines A2 distinguishes 
|/O registers from the timer. When A2 is high and |/O timer select is high, the 1/O registers are addressed. Once the 1/O | 
registers are addressed, address lines A1 and AO decode the desired register. 


When the timer is selected A1 and AO decode the divide by matrix. This decoding is defined i in Figure 8. In addition, 
address A3 is used to enable the interrupt flag to PB7. 
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The addressing of the ROM select, RAM select and |/O timer select lines would be as follows: 
FIGURE 7. SY6530 SEVEN CHIP ADDRESSING SCHEME 


SY6530 #1, 
SY6530 #2, 
SY6530 #3, 
SY6530 #4, 
SY6530 #5, 
SY6530 #6, 


SY6530 #7, 


ROM SELECT 
RAM SELECT 
I/O TIMER 
ROM SELECT 
RAM SELECT 
1/O TIMER 
ROM SELECT 
RAM SELECT 
1/O TIMER 


ROM SELECT. 


RAM SELECT 
[/O TIMER 
ROM SELECT 
RAM SELECT 
1/O TIMER 
ROM SELECT 
RAM SELECT 
I/O TIMER 
ROM SELECT 
RAM SELECT 
I/O TIMER 


CS2 CS1 RSO 
A12 A11 A10 


> 
Te) 
> 
oe) 


0 0 1 x x 
0 0 0 0 0 
0 } 0 1 0 
0 1 0 x x 
0 0 0 0 0 
0 0 0 1 0 
0 1 1 x x 
0 0 0 0 0 
0 0 0 1 0 
1 0 0 x x 
0 0 0 0 0 
0 0 0 1 0 
1 0 1 xX x 
0 0 0 0 1 
0 0 0 1 1 
1 1 0 x x 
0 0 0 0 1 
0 0 0 1 1 
1 1 1 Xx x 
0 0 0 0 1 
0 0 0 1 1 


* RAM select for SY6530 #5 would read = A12¢ A11¢A10¢ AQ e AS8e A7e AG 


ADDRESSING DECODE 


FIGURE 8. ADDRESSING DECODE FOR I/O REGISTER AND TIMER 


> 
N 


“~=-—- <XoOoo0oxKxoo xXx --]xkK-2+Ko0o0oxKO0OO0O xX 


> 
>) 


oOoOoOC_r- KOO XK P-]2K0O0xK-2K00 x 


> 
>) 


J | 


re ROM RAM I/O TIMER 
59 SELECT SELECT SELECT RW A3 A2 Al 
A READ ROM 1 0 0 1 — - — 
5 WRITE RAM 0 1 0 0 - = 
a READ RAM 0 1 0 1 - = 
WRITE DDRA 0 0 1 0 ~ 0 0 
READ DDRA 0 0 1 1 — 0 0 
WRITE DDRB 0 0 1 0 ~ 0 1 
READ DDRB 0 0 1 1 _ 0 1 
WRITE PER. REG. A 0 0 1 0 — 0 0 
READ PER. REG. A 0 0 1 1 - 0 0 
WRITE PER. REG. B 0 0 1 0 ~ 0 1 
READ PER. REG. B 0 0 1 1 - 0 1 

WRITE TIMER 

+47 0 0 1 0 x 1 0 
+ 8T 0 0 1 0 x 1 0 
+ 64T 0 0 1 0 x 1 1 
+ 1024T 0 0 1 0 x 1 1 
READ TIMER 0 0 1 1 x 1 - 
READ INTERRUPT FLAG 0 0 1 1 - 1 - 


— = Don't care condition 
* A3 = 1 Enables !RQ to PB7 
A3 = 0 Disables 1RO to PB7 


Addressing Decode for I/O Register and Timer 
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= oO- Oo 


= © 


10° aN 


Vss L} 1 40f JPpat 
— PAO [2 39f |] pa2 
DOT OR NOTCH 600 max. (15.87) .625 
TO LOCATE (15.24 mm) (15.11) .595 g2 L] 3 38L_] pa3 
PIN NO. 1 
{ RS L]4 371_| PA4 
ASL] 5 361_] PAS 
A8[]6 35L_| PAG 
oe A7 [47 34L_}PA7 
¥ mm 

A6{] 8 331 |D¢@ 

R/W 32} p1 

A5 311} p2 

.310 max. 
(7.87 mm) A4 30L_] D3 
| A3 291_|p4 
1.65) 065 , 
(1.01) 040 | me 100 min. A2 28L_]D5 
(2.54 mm) 
(55) 022 5), i Al 271_1 D6 
(45) .018 010 min. AO 261] p7 
1.910 (48.51 mm) (.25 mm) 
1.890 (48.00 mm) !* RES []16 S{_I peo 
19 EQUAL SPACES 1RQ /pPB7 [}17 240 | pri 
100 G TOL. NONCUM. 
a mm) CS!/PB6 LJ18 23{_]PB2 


CS2/PB5 |_419 221_|PB3 
Vcc Lj20 211_|ppa4 


NOTE: Pin No. 1 is in lower left corner when 
symbolization is in normal orientation 


PACKAGE OUTLINE 


PIN DESIGNATION 


PROGRAMMING INSTRUCTIONS 


The SY6530 utilizes computer aided techniques to manufacture and test custom ROM patterns. The pattern and 
address coding is supplied to Synertek in any of several formats. 


1) 2708-type EPROMs. 
2) Synertek data card formats. 
3) Other input formats, providing they can be translated into one of the above. 


Synertek Data Card Format 

A. The format for the first and all succeeding records, except for the last record, in a file is as follows: 
>NiNQ = A3A2A1AQ ~~ (D1D0)1 (D1D9)2 =X3X2X1X9 
where: 
1. All characters (N,A,D,X) are the ASCII characters 0 through F, each representing a hexadecimal digit. 
2. jis arecord mark indicating the start of a record. 


3. N qNo = the number of bytes of data in this record (in hexadecimal). Each pair of hexadecimal characters 
(D1DgQ) represents a single byte in the record. 


4. A3A2A1AQ = the hexadecimal starting address for the record. A3 represents address bits 15 through 12, etc. 
The 8-bit byte represented by (D1DQ)1 is stored in address A3A2A1AQ; (D1DQ)2 is stored in (A3A2A1AQ) 
+ 1, etc. 


5. (D1Dg) = two hexadecimal digits representing an 8-bit byte of data. (D1 = high order 4 binary bits and Dg = 
low-order 4 bits). A maximum of 18 (Hex) or 24 (decimal) bytes of data per record is permitted. 


6. X3X2X Xo = record check sum. This is the hexadecimal sum of all characters in the record, including NyNg 
and A3A2A Ag but exclucing the record mark and the check sum characters. To generate the check sum, each 
byte of data (represented by two ASCII characters), is treated as 8 binary bits. The binary sum of these 8-bit 
bytes is truncated to 16 binary bits (4 hexadecimal digits) and is then represented in the record as four ASCil 
characters (X3X2X 4X Q). 
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B. The format for the last record in a file is as follows: 
~ 00 C3C2C1Co X3X2X1Xo 
1. O0O= zero bytes of data in this record. This identifies this as the final record in a file. 
2. C3C2C1Co = the total number of records (in hexadecimal) in this file, including the last record. 
3. %3X2X1XqQ = check sum for this record. 


C. Example 


The following example illustrates the exact format of the hex interface file in both listing and punched paper tape 
form. 


-18FOOOCA86004CO0FOFDF9212D21FF292DBF2161F5F7FF6570677D0D40 
;18FO018E564672DFD7575E50000CF4112F800925198D200539192F20C98 
718 FO03008DB02880810DE12D894189AC2830E9S800FBB6232F087F650AA5 
;18FO48036E20EF2FA58D4465E8 FDF93DE/775EF257FB520ED64657C0ODEB 
;18F0607F11D05A1EDF0250B0DAFE009252909912DB108A0298DE080COD 
;18F078D95058DF82D2D/9AD0EDE5E68724EE05212764A5F5BDASO50E2C 
;18 FOSOEC2Z0FF652525246933213F20FF31293B7E18D65042 DE40500A92 
718 FOA81E5E5B02534A53 DE4A9B189259969F589E5E92DF52 DEI EI ADCA2 
;18FOCOOO0B3268D2400EF6765E7A0B5606725217D20AF35EDF5202F0C08 
718 F0D8692525342B35256CDF12F2785FFF547FD2E2D6525BDF5A720D26 
;10F0F012DB020F1A1ABF86 D2 DAI ADACS DECA1 BOA12 

;O0000B000B 


ADDITIONAL PATTERN INFORMATION 


In addition to the ROM data patterns, it is necessary to provide the information outlined below. 


CUSTOMER NAME 

CUSTOMER PART NO. 

CUSTOMER CONTACT (NAME) 

CUSTOMER TELEPHONE NO. 

CS1/PB6 (ENTER “CS1” OR “’PB6”) 

CS2/PB5 (ENTER “CS2” OR “’PB5”) 

PULL-UP RESISTOR ON PB7 (“YES” OR “NO"”) 
LOGIC FORMAT (“POS” OR “NEG”) 


Y 
5 
O 

cy 
OC WwW 
S6 
a 
a. 


DEVICE ADDRESSING (Enter ‘‘H” for High, ‘’L’’ for Low, or ‘‘N” for don’t care) 


CS1 CS2 AQ A8 A7 


a (aaa Pee ae ae ee eee 
ae es es ee eee: (ee See 


ROM SELECT 
RAM SELECT 
/O TIMER SELECT 


Send Information To: 


Synertek — ROM 

P.O. Box 552 

3050 Coronado Dr. 
Santa Clara, CA 95051 
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SY6530 CUSTOMER SPECIFICATION FORM 


1. Date. 
2. Customer name. 


3. Customer part no. 
(maximum 10 digits) 


4. Synertek ‘“‘C” number. 
5. Customer Contact. 
6. Customer phone number 


7. Chip Select Code 
(Check one square in each block) 


csi|_ CS2| VES). 4 
PRG] PBS] ONPB7 | NO} 


8. ROM/RAM/I-O SELECTS (Specify H or L or N (don’t care) in each box. 


ROM SELECT 
RAM SELECT 
|[/O SELECT 


9. Customer’s Input 


Punched Cards ( 
Punched Tape (U 


10. Data Format 


MOS Technology 
Intel Hex O 
Intel BPNF O 
Binary CJ 
11. Logic Format 


Positive 
Negative O 


12. Verification Status 


Hold [2] 
Not Required 


= Synertek ® P.O. Box 552 e Santa Clara, CA 95051 e Telephone (408) 984-8900 e TWX: 910-338-0135 
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SY6532 


Synertek 


CS 3050 Coronado Drive, Santa Clara, CA. 95051 
— | (408) 984-8900 TWX 910-338-0135 


SY6532 (RAM, I/O, TIMER ARRAY) 


The SY6532 is designed to operate in conjuction with the SY6500 Microprocessor Family. It is comprised of a 
128 x 8 static RAM, two software controlled 8 bit bi-directional data ports allowing direct interfacing between the 
microprocessor unit and peripheral devices, a software programmable interval timer with interrupt capable of timing in 
various intervals from 1 to 262,144 clock periods, and a programmable edge-detect interrupt circuit. 


8 bit bi-directional Data Bus for direct communication Programmable Interval Timer 

with the microprocessor | Programmable Interval Timer Interrupt 
Programmable edge-sensitive interrupt TTL & CMOS compatible peripheral lines 

128 x 8 static RAM Peripheral pins with Direct Transistor Drive Capability 
Two 8 bit bi-directional data ports for interface to High Impedance Three-State Data Pins 

peripherals 

Two programmable I/O Peripheral Data Direction 

Registers 


Figure 1. 6532 BLOCK DIAGRAM 


PAO PA7 PBO PB7 


DATA | DATA 


OUTPUT PERIPHERAL PERIPHERAL OUTPUT DIRECTION 
REGISTER DATA BUFFER DATA BUFFER REGISTER 
REGISTER 
A A B B B 


DIRECTION 
REGISTER 
A 


DATA INTERRUPT 
ADDRESS 
BUS CHIP SELECT AONTEOE 


BUFFER DECODER LOGIC LOGIC 


INTERVAL 
TIMER 


cS1 CS2 @2 R/W RES 
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MAXIMUM RATINGS 


. RATING SYMBOL VOLTAGE UNIT 
Supply Voltage 
input/Ouiput Vales 
Storage Temperature Range TSTG -55 to +150 °C 


ELECTRICAL CHARATERISTICS (Vcc = 5.0V +5%, Vss = OV, Ta = 25° C) 


CHARACTERISTIC SYMBOL 
Input High Voltage Vin | Vsst+24 | 
-1.6 


5 


oS, 
re 


N 
Nn 


Input Leakage Current; VIN = Vss + 5V 
AQ-A6, RS, R/W, RES, 02, CS1, CS2 
Input Leakage Current for High Impedance State 
| (Three State); VIN = .4V to 2.4V; D0-D7 
Input High Current; VIN = 2.4V 
PAQ-PA7, PBO-PB7 


Input Low Voltage Vss - 3 aa Vss + 4 
| is 
hat ce 
ee ol el 
0 


IIN 
ITH 
Input Low Current; VIN = 4V kL 
PAQ-PA7, PBQ-PB7 
Output High Voltage 
Vcc = MIN, ILOAD <-100uA (PAQ-PA7, PB@-PB7, D@-D7) 
ILOAD < 3 MA (PBQ-PB7) 


VOH 
Vsst+24 
Vsst 1.5 


< 


Output Low Voltage = 


Vcc = MIN, ILOAD S1.6MA OL Vss t+ 4 


Output High Current (Sourcing); IOH 
VOH 2 2.4V (PAQ-PA7, PBO-PB7, D@-D7) -100 -1000 : 
= 1.5V Available for direct transistor 3.0 5. 
drive (PBQ-PB7) : 
1.6 


Output Low Current (Sinking); VoL < 4V 


LA 
LA 
BA 
MA 
V 
V 
UA 
MA 


| jon | 16 | | | MA 
| Clock Input Capacitance | ok | 8 
[input Capacitance ———SSSSC~C~“~“‘“s*~*~“‘“~s IN Yd iO 
Output Capacitance 00 ea a 
Power Dissipation Icc Pe, | 100 - 125 


All inputs contain protection circuitry to prevent damage due to high static charges. Care should be exercised to pre- 
vent unnecessary application of voltage outside the specification range. 
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WRITE TIMING CHARACTERISTICS 


CLOCK INPUT 


R/W 


ADDRESS 


DATA BUS 


PERIPHERAL 
DATA 


READ TIMING CHARACTERISTICS 


CLOCK INPUT 


R/W 


ADDRESS 


PERIPHERAL 
DATA 


DATA BUS 


D 
o 


Tcyc 
TR <a—— TC TF 
2.4V 
0.4V 
Twcw 
2.4V 
0.8V 0.4V 
TACW 
: 2.4V 
je I> 
0.8V 
0.4V 
<—<—_|—— THW 
2.4V 
2.0V S 
< 0.8V 
0.4V 
Vcc -30% 
2.4V 
" 2.0V 
0.8V NaN 
TCMOS 
2.4V | 2.4V 
AV_ 


2.0V 
. 0.4V 
TWCR 
TACR 


any 2.4V 
0.4V 
TPCR — |. 
| 2.4V 
2 2.0V 
0.8V 


0.4V 
TCDR <——P-— THR 
2.4V 
0.8V 0.4V 
TIC 
2.4V 
0.4V 
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WRITE TIMING CHARACTERISTICS 


7 AAEM GT I NE 
| Rise &FallTimess RTF | 25 | ONS 
coo eR RR HEL 2 a NE 
[RW valid before positive tansition ofock _——~S~S~S~sSwew [tz | |i 
Tacw [1g0[ |_| Ns 
[Data Bus valid before negative transition of clock —~—~S~S~wC TW 300] —~P —*dYCONS 
Taw [io | | | NS 
| Peripheral data valid after negative transition ofclock | sTCPW | || tS 

Peripheral data valid after negative transition of clock driving CMOS es tee | 

(Level = Vcc = 30%) 


READ TIMING CHARACTERISTICS 


CHARACTERISTIC SYMBOL | MIN. | TYP.| MAX. 


R/W valid after positive transition of clock TWCR Fiso] | 
Address valid before positive transition of clock TACR | 180 bel 
Peripheral data valid before positive transition of clock TPCR Fe ae 


Data Bus valid after positive transition of clock . TCDR Ee 
Data Bus Hold Time 
IRQ (Interval Timer Interrupt) valid before positive transition of clock 200 


Loading = 30 pf+ 1 TTL load for PAQ-PA7, PBO-PB7 
= 130 pf + 1 TTL load for DQ-D7 


INTERFACE SIGNAL DESCRIPTION 
Reset (RES) 


During system initialization a Logic “0” on the RES input will cause a zeroing of all four I/O registers. This in turn 
will cause all I/O buses to act as inputs thus protecting external components from possible damage and erroneous data 
while the system is being configured under software control. The Data Bus Buffers are put into an OFF-STATE during 
Reset. Interrupt capability is disabled with the RES signal. The RES signal must be held low for at least one clock 
period when reset is required. 


Input Clock 


The input clock is a system Phase me clock which can be either a low level clock (Vj, < 0.4, VJH{ > 2.4) or high 
level clock (V],, < 0.2, Vi = Vec 5) 


Read/Write (R/W) 


The R/W signal is supplied by the microprocessor array and is used to control the transfer of data to and from the 
microprocessor array and the SY6532. A high on the R/W pin allows the processor to read (with proper addressing) 
the data supplied by the SY6532. A low on the R/W pin allows a write (with proper addressing) to the SY6532. 


Interrupt Request (IRQ) 


The IRQ pin is an interrupt pin from the interrupt control logic. It will be normally high with a low indicating an 
interrupt from the SY6532. IRQ is an open-drain output, permitting several units to be wire-or’ed to the common IRQ 
microprocessor input pin. The IRQ pin may be activated by a transition on PA7 or timeout of the interval timer. 


Data Bus (D0-D7) 


The SY6532 has eight bi-directional data pins (DO-D7). These pins connect to the system’s data lines and allow transfer 
of data to and from the microprocessor array. The output buffers remain in the off state except when a Read operation 
occurs. 
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Peripheral Data Ports 


The SY6532 has 16 pins available for peripheral I/O operations. Each pin is individually programmable to act as either 
an input or an output. The 16 pins are divided into two 8-bit ports, PAO-PA7 and PBO-PB7. PA7 may also function 

as an interrupt input pin. This feature is described in another section. The pins are set up as an input by writing a 

“0”? into the corresponding bit of the data direction register. A “1”? into the data direction register will cause its 
corresponding bit to be an output. When in the input mode, the peripheral output buffers are in the “1” state and a 
pull-up device acts as less than one TTL load to the peripheral data lines. On a Read operation, the microprocessor unit 
reads the peripheral pin. When the peripheral device gets information from the SY6532 it receives data stored in the 
data register. The microprocessor will read correct information if the peripheral lines are greater than 2.4 volts for a “1” 
and less than 0.4 volts for a “0” as the peripheral pins are all TTL compatible. Pins PBO-PB7 are also capable of 
sourcing 3 ma at 1.5 v thus making them capable of direct transistor drive. 


Address Lines (A0-A6) 


There are 7 address pins. In addition to these, there is the RS pin. The above pins, AO-A6 and RS, are always used as 
addressing pins. There are 2 additional pins which are used as CHIP SELECTS. They are pins CS1 and CS2. 


INTERNAL ORGANIZATION 


A block diagram of the internal architecture is shown in Figure 1. The SY6532 is divided into four basic sections: 
RAM, I/O, Timer, and Interrupt Control. The RAM interfaces directly with the microprocessor through the system 
data bus and address lines. The I/O section consists of two 8-bit halves. Each half contains a Data Direction Register 
(DDR) and an I/O register. 

RAM 128 Bytes (1024 Bits) 


A 128 x 8 static RAM is contained on the SY6532. It is addressed by AO-A6 (Byte Select), RS, CS1, and CS2. 
Internal Peripheral Registers 


There are four 8-bit internal registers: two data direction registers and two output registers. The two data direction 
registers (A side and B side) control the direction of data into and out of the peripheral I/O pins. A logic zero in a bit 
of the data direction register (DDRA and DDRB) causes the corresponding pin of the I/O port to act as an input. A 
logic one causes the corresponding pin to act as an output. The voltage on any pin programmed as an output is deter- 
mined by the corresponding bit in the output register (ORA and ORB). 


Data is read directly from the PA pins during a peripheral read operation. Thus, for a PA pin programmed as an output, 
the data transferred into the processor will be the same as the data in the ORA only if the voltage on the pin is allowed 
to be 2 2.4 volts for a logic one and <0 4 volts for a zero. If the loading on the pin does not allow this, then the data 
resulting from the read operation may not match the contents of ORA. 


The output buffers for the PB pins are somewhat different from the PA buffers. The PB buffers are push-pull devices 
which are capable of sourcing 3ma at 1.5 volts. This allows for these pins to directly drive transistor circuits. To assure 
that the processor will read the proper data when performing a peripheral read operation, logic is provided in the 
peripheral B port to permit the processor to read the contents of ORB, instead of the PB pins as is the case for the 
PA port. 


interval Timer 


The timer section of the SY6532 contains three basic parts: preliminary divide down register, programmable 8-bit 
register and interrupt logic. These are illustrated in Figure 2. 


The interval timer can be programmed to count up to 256 time intervals. Each time interval can be either IT, 8T, 

64T or 1024T increments, where T is the system clock period. When a full count is reached, and interrupt flag is set to 
a logic “1.” After the interrupt flag is set the internal clock begins counting down to a maximum of -255T. Thus, after 
the interrupt flag is set, a Read of the timer will tell how long since the flag was set up to a maximum of 255T. 


The 8-bit system Data Bus is used to transfer data to and from the Interval Timer. If a count of 52 time intervals were 
to be counted, the pattern 0 0 1 1 0 1 0 0 would be put on the Data Bus and written into the Interval Time register. 
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At the same time that data is being written to the Interval Timer, the counting intervals of 1, 8,64, 1024T are decoded 
from address lines AO and Al. During a Read or Write operation address line A3 controls the interrupt capability of 
TRO, i.e., A3 = 1 enables IRQ, A3 = 0 disables IRQ. In either case, when timeout occurs, bit 7 of the Interrupt Flag 
Register is set. This flag is cleared when the Timer register is either read from or written to by the processor. If IRQ is 
enabled by A3 and an interrupt occurs IRQ will go low. When the timer is read prior to the interrupt flag being set, the 
number of time intervals remaining will be read, i.e., 51,50, 49, etc. 


When the timer has counted down to 00000000 on the next count time an interrupt will occur and the counter 
will read 1 1 1 1 1111. After interrupt, the timer register decrements at a divide by “1” rate of the system clock. 

If after interrupt, the timer is read and a value of 1 1 100 1 O Ois read, the time since interrupt is 28T. The value read 
is in two’s complement. 


Value read =11100100 
Complement =00011011 
Add 1 =00011100=28. 


Figure 2. BASIC ELEMENTS OF INTERVAL TIMER 


R/W PA7 A3 D7 D6 D5 D4 D3 D2 D1 DO R/W Al AO 


or INTERRUPT PROGRAMMABLE DIVIDE | 
IRQ 02 
CONTROL REGISTER DOWN 
D7 D6 - D5 D4 D3 D2 D1 DO 


Thus, to arrive at the total elapsed time, merely do a two’s complement add to the original time written into the timer. 
Again, assume time written as 001 10100 (=52). With a divide by 8, total time to interrupt is (52 x 8) + 1 =417T. 
Total elapsed time would be 416T + 28T = 444T, assuming the value read after interrupt was 11100100. 


After interrupt, whenever the timer is written or read the interrupt is reset. However, the reading of the timer at the 
same time the interrupt occurs will not reset the interrupt flag. 


Figure 3 illustrates an example of interrupt. 


Figure 3. TIMER INTERRUPT TIMING 


02 IN [> | [| | 2 | [| [2:5 | [a | [ as | [ «6 | | sco ] | so: | 
WRITE T | | 


IRQ | 
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1. Data written into interval timersisOO0110100=52j9 4 Interrupt has occurred at 02 pulse #416 


2. Data in Interval timer isO0011001=2549 Datain latenal ere aa eed 
D2 1g dS 522621 25 5. Datain Interval timer is 10101100 
: two’s complement is0 1010100 8419 
3. Data in nee timer isOQ0Q000000=0 9 84 + (52 x 8) = 50019 


52 - g. SS eas 0 


When reading the timer after an interrupt, A3 should be low so as to disable the IRQ pin. This is done so as to avoid 
future interrupts until after another Write operation. 


Interrupt Flag Register 


The Interrupt Flag Register consists of two bits: the timer interrupt flag and the PA7 interrupt flag. When a read 
operation is performed on the Interrupt Flag Register, the bits are transferred to the processor on the data bus, as 
the diagram below, indicates. 


Figure 4. INTERRUPT FLAG REGISTER 
7}ets|s}]3i2}rfo 
$a 
| ‘09’ 
PA7 FLAG 


TIMER FLAG 


The PA7 flag is cleared when the Interrupt Flag Register is read. The timer flag is cleared when the timer register is 
either written or read. 


ADDRESSING 


Addressing of the SY6532 is accomplished by the 7 addressing pins, the RS pin and the two chip select pins CS1 and 
CS2. To address the RAM, CS1 must be high with CS2 and RS low. To address the I/O and Interval timer CS1 and RS 
must be high with CS2 low. As can be seen to access the chip CS1 is high and CS2 is low. To distinguish between 
RAM or I/O Timer the RS pin is used. When this pin is low the RAM is addressed, when high the I/O Interval timer 
section is addressed. To distinguish between timer and I/O address line A2 is utilized. When A2 is high the interval 
timer is accessed. When A2 is low the I/O section is addressed. Table 1 illustrates the chip addressing. 


Edge Sense Interrupt 

In addition to its use as a peripheral I/O line, the PA7 pin can function as an edge sensitive input. In this mode, an 
active transition on PA7 will set the internal interrupt flag (bit 6 of the Interrupt Flag Register). When this occurs, 
and providing the PA7 interrupt is enabled, the IRQ output will go low. 


Control of the PA7 edge detecting logic is accomplished by performing a write operation to one of four addresses. 
The data lines for this operation are “‘don’t care” and the addresses to be used are found in Figure 4. 


The setting of the internal interrupt flag by an active transition on PA7 is always enabled, no matter whether PA7 

is set up as an input or an output. 

The RES signal disables the PA7 interrupt and sets the active transition to the negative edge-detect state. During the 
reset operation, the interrupt flag may be set by a negative transition. It may, therefore, be necessary to clear the flag 
before its normal use as an edge detecting input is enabled. This can be achieved by reading the Interrupt Flag Register, 
as defined by Figure 4 immediately after reset. 


1/O Register - Timer Addressing 


Table 1 illustrates the address decoding for the internal elements and timer programming. Address line A2 distin- 
quishes I/O registers from the timer. When A2 is low and RS is high, the I/O registers are addressed. Once the I/O 
registers are addressed, address lines Al and AO decode the desired register. 

When the timer is selected Al and AO decode the “‘divide-by”’ matrix. This decoding is defined in Table 1. In addition, , 
Address A3 is used to enable the interrupt flag to IRQ. 
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PROCESSORS 


Table 1 ADDRESSING DECODE 


a eS eS ee 


Write RAM 
Read RAM 
Write DDRA 
Read DDRA 
Write DDRB 
Read DDRB 

Write Output Reg A 
Read Output Reg A 
Write Output Reg B 
Read Output Reg B 
Write Timer 

cag) hi 

+ 8T 

+ 64T 

+ 1024T 
Read Timer 
Read Interrupt Flag 
Write Edge Detect Control 


0 0 
0 ] 
] 0 
1 I 
] 0 
] l 
] 0 
1 | 
] 0 
] 1 


can > > > DG 
== = © OO —_- —-= © © 
ap GD ek > 


NOTES: —= Don’t Care, ‘1’ = High level (22.4V), “0” = Low level (<0.4V) 
(a) A3 =0 to disable interrupt from timer to IRQ (c) AO = 0 for negative edge-detect 
A3 = | to enable interrupt from timer to IRQ AO = 1 for positive edge-detect 


(b) Al =0 to disable interrupt from PA7 to IRQ 
Al = 1 to enable interrupt from PA7 to IRQ 


PACKAGE OUTLINE PIN DESIGNATION 


10° max. 


DOT OR NOTCH 600 max. (15.87) .625 
TO LOCATE (15.24 mm) (15.11) .595 
PIN NO. 1 ' 
2.020 max. {SD max: 
(51.30 mm) issomm) 
: .190 max. 
“" mm) 
.310 max. 
(7.87 mm) 
(1.65) .065 i f 
(1.01) .o40 TYP. hat 100 min. 
(2.54 mm) 
(.55, 55) .022 
(45) o18 TYP.-—>]<- .010 min. 
1.910 (48.51 mm) (.25 mm) 


if 


1.890 (48.00 mm) 


19 EQUAL SPACES 
.100 G TOL. NONCUM. 
(2.54 mm) 


NOTE: Pin No. 1 is in lower left corner when 
symbolization is in normal orientation 
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System 65 
Microcomputer 


Development System 


Synertek° 


SYSTEM 65, the fully integrated microcom- 
puter development system, built for expansion. 
START WITH IT, GROW WITH IT, STAY 
WITH IT. 


SYSTEM 65 


SYSTEM 65 is a new, easy to use, powerful, complete 


development system for the 6500 family of micro- 


computers. The basic configuration includes two built- 
in mini-floppy disc drives, 16K bytes of user memory 
and 16K bytes of resident operating system. Monitor 
commands are self-prompting whenever memory, 
peripheral, or disk file assignment is required. Text 
editor provides line, string, and character editing 
functions. A resident two-pass assembler and dynamic 
debug package complete the operating system. Both 
source and object code may be maintained in memory 
for fast editing, assembling, and checkout. Since the 
total monitor, editor debugger and assembler are res- 
ident in ROM, 100% of the disk storage and drive 
utilization is available to the user. The mini-floppy 
diskettes may be used as storage for source and object 
code and documentation. Each diskette has the capa- 
city for 78K bytes of information in a maximum of 
60 files. 


SYSTEM 65 supports a variety of terminals with 
serial data from 110 baud to 9600 baud. Connectors 
are provided for both RS-232C and current loop inter- 
facing. Reader ON/OFF signals and RTS/CTS control 
signals are standard. Included is a parallel port pro- 
viding automatic control to high speed printers, such 
as Diablo, Centronics, and Tally. 


FUTURE GROWTH is the key to the SYSTEM 65 
architecture and design philosophy. SYNERTEK 
realizes that requirements change and therefore we 
want the System to grow with you. That is why the 
System has been incorporated with extra card slots 
for systems expansion. 


S Synertek® e 


P.O. Box 552 e 


Santa Clara, CA 95052 
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GROWTH IS IN THE CARDS. In coming months the 
following new optional printed circuit cards will be- 
come available: PROM Memory Module, PROM Pro- 
grammer, ADD-ON Memory, System Evaluator Mod- 
ule and Card Extenders. 


SYNERTEK is aware that major enhancements will be 


provided by the users themselves in the form of user- 


generated software. That’s why SYNERTEK has pro- 
vided the flexible and versatile tools necessary to 
promote efficiency and productivity. Our DEBUG 
Monitor provides eight (8) software breakpoints, one 
hardware breakpoint with Scope Sync, a single-step 
feature, and a versatile TRACE output with OP Code 
mnemonics and Symbolic names. Other DEBUGGER 
features include Execution Path History, Register and 
memory display, as well as memory write protect. 
The System 65 resident text editor will provide the 
users with facilitated control at their fingertips. 

The resident two-pass Assembler provides the pro- 
grammer with powerful software tools. The Assembler 
gives the user control of the output which may 
optionally be spooled to the diskettes or print out 
only error messages or list the entire program. Errors 
in listings are ‘‘chained”’ together and highlighted by 
arrows. The user may optionally relocate the code 
to another location. A powerful link capability is also 
provided which will allow multiple files on different 
media to be treated as a single assembler. 


@ Telephone (408) 984-8900 e 


TWX: 910-338-0135 


STANDARD PERIPHERAL INTERFACES EASE OF USE is a major feature of the System 65. 
The front panel controls are minimal consisting of a 
RESET Switch, RUN/SINGLE-STEP Switch and a 
“power on’’ indicator. System operation is straight 
forward with the majority of command functions 
being entered from the terminal. A PROM socket 


conveniently located on the front panel allows pro- 
gramming of 2708/2716 erasable PROMS. 


The System 65 offers the user the option to incorpo- 
rate his own set of standard peripheral interfaces. The 
user then has the ability to place units of their own 
cheosing and familiarity onto the system. The RS-232 
port provides the capability for the placement of most 
Keyboard Printers or Display Terminals onto the Sys- 
tem 65. If a high speed printer is required the parallel 
port connector located on the rear panel of the unit 
provides that interface flexibility. 


System 65 
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KIM-1 Microcomputer 
Development Board 


For: Educators/Students/Hobbyists/Engineers - - - for you! 


Synertek° 


MICROPROCESSOR APPLICATIONS 


@ Experimentation / Training / Engineering / 
Prototyping / Instrumentation / Testing 


©@ 6502 MPU ARRAY 


F ae i ‘ Ee 6530 ARRAYS 
2048 ROM BYTES 
®@ Complete Fully-integrated, Microcomputer Devel- 128 RAM BYTES 
opment Board 2 TIMERS 
@ Ready-to-use (user merely provides the power) ieaneres 
@® Multiple on-board Interval Timer 


@ 23-Key on-board Keyboard (including 6 function 
keys) 

® 6-Digit on-board hexadecimal LED Display 

ROM-Resident operating program 

@® 1024 Bytes of Static Random access memory for Se cue nok 
data and program storage (Expandable to 65,536 _ 
bytes) 

@® High speed, high performance, 6502 Micropro- 
cessor, with powerful instruction set. 

® Built-in Interfaces 
e Low Cost Audio Cassette 
e Full Duplex Teletype (20 mA loop) 
e Paper Tape Punch/Paper Tape Reader 

® Connector included to interface to external equip- 
ment. 

@® Complete Documentation 
Manuals include: User, Programming, and Hardware 
Manual; Full Wall-Size Schematics. 

@ Full 90 day warranty against defects in materials 
and workmanship. 

@ Any table ar counter top becomes a work bench 
for the KIM-1. 

@ Interface provided for Bus expansion. 


© KEYBOARD/DISPLAY 


By following the easy-to-read, easy-to-understand 
USER’S MANUAL, supplied with each unit, the 
KIM-1 user will be guided through the use and under- 
standing of Machine Language Programming and its 
relationship to the on-board microprocessor family. By 
using Machine Language Programming rather than 
higher-level language, the user achieves a better grasp 
and familiarization with both the microprocessor 
hardware and microprocessor system design, as he is 
closer to the inner workings of the system. 


As the basic operating program is resident in on-board 
ROM, the user has at his disposal nearly 1024 bytes 
of Static RAM (expandable with additional memory). 


GENERAL DESCRIPTION The KIM-1 is unique in that it allows the user to op- 


@ The KIM-1 Microcomputer Module is a fully inte- erate the system without the addition of any external 
grated development board, that will allow the first- peripherals. The KIM-1's advanced design, however, 
time computer user “‘hands-on” experience within provides a direct interface to any low cost AUDIO 
minutes after unpacking the unit. CASSETTE RECORDER, which can then be used for 

file creation and storage. Other standard on-board 

A 5-volt power supply is all the user must supply to interfaces include a 20-mA interface to a model 33 

operate with the basic system. (12 volts are required teletype (optionally equipped with paper tape reader 

if an audio cassette recorder is used.) and paper tape punch). 
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MEMORY and I/O EXPANSION 


In the KIM-1 system, the management of input/output 
data is handled exactly the same as transfers to or from 
any other memory location in the system. There are 
no instructions dealing specifically with input/output 
transfers. Instead, transfer of data is accomplished by 
reading from or writing to registers connected to the 
data bus and to I/O pins in specific 1/O interface de- 
vices. These registers have a specific address in the 
system just as does any other memory location. 
Therefore, when speaking of expanding the memory 
of the KIM-1 system, we are defining the methods of 
expanding both the real memory (RAM, ROM, PROM, 
etc.) as well as the I/O ports, since they are treated 
alike as far as address assignments are concerned. 


USING THE KIM-1 

Stand-alone microcomputer: With the addition of a 
user-provided 5-volt power supply, the KIM-1 becomes 
a functional stand-alone microcomputer development 
system. In this configuration the user can select any 
Memory Addresses; Read/Modify Data, and execute 
or single-step programs. 


Audio Tape Cassette: By providing a 12-volt power 
supply capability, together with any audio cassette 
recorder the user will have enhanced his system to in- 
clude low-cost File Capability and External Memory 
Store. The KIM-1 user can Create Files, Block Data 
into Records on tape from KIM-1 Memory, Read Data 
records from tape into KIM-1 Memory (with error 
detection). The user can now maintain a library of 
pre-recorded programs. As the use of Audio Cassette 
recorders allows VOICE messages to be interspersed 
with Data records, by the single installation of an ear- 
phone or speaker, the user can have ‘‘Voice’’ messages 
automatically guide any operator through operation 
of a pre-recorded program. 


TELEPRINTER INTERFACE: The standard 20-mA 
Teleprinter interface which is on-board KIM-1 allows 
for the easy installation of a Model 33 Teletype, or 
equivalent typeprinter. Once interfaced, the user can 
now LIST programs, and maintain permanent records 
of user’s data. The use of the full Alpha-numeric key- 
board expands the character set available to the user. 
The paper tape reader/punch options allow the user 
alternate methods for storing programs and data. The 
KIM-1 automatically adjusts for a variety of baud rates. 
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KEYBOARD 


TTY KyYBO 
TTY KYBO RTN 


TTY PTR 


TTY PTR RIN 


TTY 
INTERFACE 


CONNECTOR 


AUDIO OUT (HI) 


AUDIO TAPE | aupio OuT(LO) 
AUDIO IN 


APPLICATION 


APPLICATION I/O BUS (15 I/O LINES 


MEMORY 


EXPANSION CONNECTOR 


KIM-1 Block Diagram 


SPECIFICATIONS 

Operating Temp. Range ............ 10° - 40°C 
Power Supply Req.: ..... +5 volts +5% @ 1.2 amps 
If audio tape option: .. . . +12 volts +5% @ 0.1 amps 
BOA GOZO na gr ve stay the ecg We cw ee a 10%’ x 8 x 1" 
Connectors ........ Two 44-pin edge connectors 


(one external connector included) 


— | Synertek® e P.O. Box 552 e Santa Clara, CA 95052 e Telephone (408) 984-8900 e TWX: 910-338-0135 


Bey 
sits 


6-2 


Synertek® 


@ Single Button Operation (Display And Set) 
@ Six Digit Display (Two Alpha-Numeric) 
@® Automatic Calendar Update 


GENERAL DESCRIPTION 


The Synertek SY5001 is asingle button seven function 
low power CMOS watch circuit which counts and dis- 
plays:, seconds, minutes, hours, date, days of week, 
months and leap year. It is designed to drive a six 
digit, nine segment alpha-numeric liquid crystal (LCD) 
display. 


This circuit has a bonding pad option that allows 
watch operation in the 12 hour counting system with 
AM/PM identification or alternative operation in the 
24 hour counting system with the symbol HR dis- 
played instead of AM/PM. 12 hour operation displays 
month, date, day, in that order, from left to right. 
24 hour operation causes reversal of the display to 


DISPLAY AND TIME SET 


The display normally shows hours, minutes and 
seconds continuously. A button push causes display 
of month, date and day. This display will remain as 
long as the button is held pushed. Two seconds after 
~ release the display will return to its normal condition. 


Pushing and releasing the button five times (with less 
than two seconds between pushes) puts the watch 
into the first set mode. The requirement for five 
pushes insures that the set mode will not be entered 
accidentally. Once the watch has entered the first set 
mode (months set), it will automatically advance 
through each subsequent set mode (date, day, hour, 
and minute). The watch will remain in each set mode 


CIRCUIT TESTING 


Additional pads are provided for ease of testing. The 
TEST input will speed the counting sequence. The 
DT input when activated will turn on all segments of 
all digits for display testing. All internal counters are 


S Synertek® e 


P.O. Box 552 e 


Seven Function 
LCD Watch Circuit 

(Hours, Minutes, Seconds, 
Month, Date, Day, Leap Year) 


Santa Clara, CA 95052 
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SY5001 


@ 12/24 Hour Display and European Date Option 
@ 32768 Hz Crystal Oscillator 
® Silicon Gate C-MOS Technology 


show date, month, and day for European watch 
applications. 


The SY5001 incorporates several features which sim- 
plify module design. The chip provides two outputs 
PULSE and PULSE for use with an external voltage 
doubler or tripler circuit. Button is activated when it 
touches the case. The case polarity (0.0V or -1.5V) 
is selected by the manufacturer. A bonding pad will 
relate this voltage to the internal circuit. No electrical 
connection is required to substrate (back of the die) 
so die mounting can be done using non-conductive 
material. 


for six seconds unless the button is pushed. If the 
button is pushed and held during any set mode, then 
the displayed function will advance continuously at 
a 1 Hz rate. A single push and release of the button in 
the set mode will advance the displayed function by 
one count. If the button is not pushed for six seconds 
during a set mode, then the subsequent set mode will 
automatically appear. 


The watch will return to its normal display condition 
after the minutes set mode. If the button was pushed 
during the minutes set mode, the next button push 
will clear the seconds to zero and suppress counting 
until the button is released. 


reset to the initialized condition (MCL) by activating 
DT and BUT inputs simultaneously. Additional test 
details are available from Synertek. 
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S SY5001 


DEVICE SPECIFICATIONS 
SUPPLY VOLTAGE DEFINITION 


VREF VREF: Reference voltage - positive battery terminal. 


VBAT VBAT: Negative battery terminal. 


Vpis VpIs: Negative display operating voltage. 

ABSOLUTE MAXIMUM RATINGS* * Exceeding the absolute maximum ratings may cause 
Input and Output Voltages +.3V to -10V permanent damage to the device. Functional operation 
Supply Voltages +.3V to -10V of the device at these or any other conditions not 
Storage Temperature -55°C to 100°C specified in section 3.0 is not implied. Extended pe- 


riods of exposure to absolute maximum ratings may 
affect device reliability. 


ELECTRICAL AND OPERATING CHARACTERISTICS 
TA = -20°C to 60°C, VaaT = VREF -1.5V, VpIS = VREF -3.0V unless otherwise specified. 


stot [fone [tn [ ve [ns [one Yeo 


VBAT Battery Operating Voltage Note 1 
IBAT Average Supply Current VBAT = -1.6V 
TA=25 °C Note 1 
VpbIS Display Operating Voltage ; Note 1 
IpIs Average Supply Current : : VpIs = -4.5V 
TA=25°C Note 2 
= iN (1) Input Current : : VBAT = 1.6V, CASE = Vin = 
ry (TEST, DT, BUT) VREF, TA= 25 C 
| Ke NIN (0) Input Current : CASE = VBAT = VIN = -1.6V, 
= (BUT) TA=125°C 
7S VPULSE (1) | Output Voltage VBAT = -1.4V 
cr (PULSE, PULSE) 
V PULSE(0) Output Voltage VBAT = -1.4V 
(PULSE, PULSE) 
fPULSE Output Frequency 50% duty cycle 
(PULSE, PULSE) 
Ie Input Leakage . ; VIN = 1.6V, 
(CASE, 12HR, OSC IN) Ta =25° Note 3 
Note 1: Oscillator operating at 32768 Hz. 12 HR and CASE inputs connected to VREF or VBAT, 
all other pins floating. 
Note 2: All LCD segment outputs floating. 
Note 3: OSC IN, CASE, 12 HR connect to Vjj, all other pins grounded. 
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DISPLAY DEFINITION 


HII CLI 
RUE ZZ CN 
SET MODES 
GENERAL 


Set mode is entered by pressing button 5 times in suc- 
cession. Flashing colon will appear on display until re- 
lease of fifth button push. At release of fifth button 
push, first set mode is entered with present status of 
watch displayed with flashing colon. The next four set 
modes will be entered automatically at six second in- 
tervals. During the set intervals, button pushes will ad- 
vance the time displayed and watch will stay in that set 


DESCRIPTION 
Initiating Set Mode 


TYPICAL DISPLAY 


Month and Leap 
Year Set 


Date Set 


Day Set 


Hour Set 


Minute Set 


Hours - Min. - Sec. 


Hours - Min. - Sec. 


SY5001 


FUNCTIONAL DESCRIPTION 
(1) 


Continuous display of 
hours, minutes, seconds 
and colon. 


Push button once 


d 2 sec display of month, 
I date and day. 


mode until six seconds has elapsed from last button 
push. If minutes were advanced during minutes set 
mode, seconds can be set and held at ‘00 for time 
synchronization if button is pushed and held once 
just after watch has advanced from minutes set mode 
to time of day. Release of button will start seconds 
counting from “00”. 


ENTERED BY 


Button pushed 5 times (colon is flashing every second 
in all set modes) 


Release of 5th button push. Warning: if button is 
pushed during any of the following set modes the dis- 


played time will be advanced. 


Automatically from above 6 seconds after any button 
release. 


Automatically from above 6 seconds after any button 
release. 


Automatically from above 6 seconds after any button 
release. 


Automatically from above 6 seconds after any button 
release. 


If button was pushed during minutes set mode the 
first push of button will clear and hold seconds at zero. 


Release of first button push (seconds begin to count) 


= Colon On 


= Colon Flashing 


Note 1: Months and leap year (1 through 4) are shown during months set mode. In leap year (4) 
February has 29 days instead of 28. The year advances every time the month rolls from 
12 back to 1. 

Note 2: 12 hour option shows AM or PM. 24 hour option shows HR instead. 

Note 3: Leading zeros in hours, date and month are blanked. 
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7 SY5001 


VOLTAGE VOLTAGE 
DOUBLER TRIPLER 


DISPLAY DISPLAY 
42 SEGMENT 42 SEGMENT 
COM LINES ‘COM LINES 
iL ae 


BUTTON TEST BUTTON TEST 


Z VREF DT VREF DT 


CASE CASE 
12HOUR [ 12 HOUR 


: sY5001 
OSC OUT OSC OUT SY5001 
es a] 
OSC IN OSC IN 


S S ULSE \ S PULSE 
\/ 
PULSE PULSE 
+ + 
VbIS VBAT VBAT 
t 7 r] 
| a 
9 ~L 
+4* +t* 
H ’ 
“OPTIONAL BATTERY FOR DISPLAY *OPTIONAL BATTERY FOR DISPLAY 


133.9 
115.4 
111.6 
103.9 
— nea 96.4 
a PULSE |_|] 
YY). or SY5001 
toe : PAD LOCATION 
© 563 (MILS) se 
= . | 158 x 162 NOT USED[_] 7 
ly O 69.0 
60.5 
On PULSE[_] 
ue TEST[] ssh 
46.8 
40.1 
53 5.3 
0 0 


148.9 
156.6 
162.0 
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Synertek 


3050 CORONADO DRIVE 


SANTA CLARA, CA 95051 
TELEPHONE (408) 984-8900 
TWX: 910-338-0135 SY 5002 


SEVEN FUNCTION LED WATCH CIRCUIT 


WATCH 
(HOURS, MINUTES, SECONDS, MONTH, DATE, DAY, LEAP YEAR) PRODUCTS 
@ SINGLE BUTTON OPERATION e TWO OPTIONAL BRIGHTNESS 
(DISPLAY AND SET) CONTROLS 
@ SIX DIGIT DISPLAY (TWO 
ALPHA-NUMERIC) e 3V BATTERY OPERATION 
@ ON CHIP SEGMENT DRIVERS @ NON-FLICKER 170 HZ MULTIPLEX 
DISPLAY RATE 
@ AUTOMATIC CALENDAR UPDATE 
r INTERDIGIT SEGMENT AND DIGIT 
@ 12/24 HOUR DISPLAY OPTION BLANKING 
® EUROPEAN DATE OPTION @ CRYSTAL FREQUENCY 32, 768 HZ 


@ SILICON GATE C-MOS TECHNOLOGY 


GENERAL DESCRIPTION 


The Synertek 5002 is a single button seven function low power CMOS watch circuit which counts and displays; 
seconds, minutes, hours, date, days of the week, months and leap year. It is designed to drive a six digit, nine 
segment alpha-numeric light emitting diode (LED) display. 


This circuit normally operates in the 12 hour counting system with AM/PM identification. A control pad allows 
24 hour counting with the symbol HR instead of AM/PM. Also the circuit normally displays month, date, day, in 
that order, from left to right. A control pad allows reversal of the display to show date, month, day, for European 
watch ‘applications. 


The brightness of the display may be selected by the optional use of two control pads OP1 and AL. Normally the 

display drivers activate each of the six digits sequentially giving a duty cycle of 1/6. One of the control pads can be 

used to shorten the width of the digit select pulse by a factor of 2. This will reduce the average display current by 

a factor of 2 and is useful for higher efficiency display and to conserve battery life. The other control pad shortens 

the width of the digit select pulse by a factor of 4. This pad can be driven by a phototransistor to reduce the display 
brightness in low ambient light conditions. 


Additional pads are provided for ease of testing. LT is used to turn all segments during any display mode. MCL is 
used to initialize all FF’s on the chip. Test is used to speed up the counting sequence. 1024 output provides a 1024 
Hz pulse for trimming the oscillator input capacitor. Additional testing information is available from Synertek. 


DISPLAY AND TIME SET 


The display is normally blank. The first button push causes display of hours, minutes, seconds. A second button 
causes display of month, date, and day. Either display will remain as long as the button is held pushed, two seconds 
after release, display will return to its normal blank condition. 


Pushing and releasing the button five times (with less than two seconds between pushes) puts the watch in the first 
setting condition or “‘set mode”. The requirement for five pushes insures the ‘set mode” will not be entered acciden- 
tally. Once the watch has entered the first set mode (months) it will automatically advance through each subsequent 
set mode (calendar, day, hour and minute) remaining in each mode for 4/6/8 six second. If the button is pushed 
during any set mode the displayed time will be advanced. If the button is then not pushed for six seconds the 
subsequent ‘‘set mode”’ will automatically appear. 


The watch will return to its normal blank condition after the minutes set mode. If the button was pushed during 
the minutes set mode, the next button push (to display hours, minutes, seconds) will clear the seconds to zero until 
the button is released. 
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_PRODUCTS 


ELECTRICAL SPECIFICATIONS 


1.0 VOLTAGE DEFINITION | 2.0 ABSOLUTE MAXIMUM RATINGS 
VREF: Reference voltage, most VBAT + .3 to —4V 
positive voltage - connected | 
to chip substrate (OV) All inputs + .3 to —4V 
VeaT: Battery voltage (—2.6V to —3.2V) Operating temp. —20°C to +60°C 
Storage temp. —55°C to 100°C 


Vps: Output voltage drop 


“EEE 4 3.0 ELECTRICAL CHARACTERISTICS (T a= 25°C) 
Vos Vos 
(-2.6) DRIVER VBAT = —2.6V 

OUTPUT J 


[win [Tye | Mex [| Unie | Condon 

is [20 | | wa | vow 
Segment output current 6 ff 10 {Toma Vps = .95V 

[oistorsamencououeacee | | 1@ |_| aa 

[raze ouputeuren Si S| 


.0 
Total current (Display off) 1.5 


Parameter 


Digit output current 


SET MODE ADVANCE FEATURE 


A unique feature of this circuit is the ability to “single step’’ the count when setting time. When the circuit is in one 
of the time setting modes the button has two functions. When pushed repeatedly it will ‘single step’’ increasing the 
count, once for each push. If the button is pushed and not released for one second, the count will commence to 
automatically increase (roll) twice per second. The “single step’’ feature will then return whenever the button is 
released. 

OPTIONS VIA BONDING 


Pad Name Pad Condition Option 


Bonded to VR 12 Hour operation (AM,PM) 
Bonded to VB 24 hour operation (HR) 
Not Bonded Month - Date - Day Display 
Bonded to VB Date - Month - Day Display 
Not Bonded . 
Brightest Display 15.6% Duty Cycle 
Bonded to VB or transistor on 


PRODUCTS 
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Not Bonded 4.2% 
Duty Cycle 

Not Bonded or transistor off 

Bonded to VB 8.3% 
Duty Cycle 


Bonded to VB or transistor on 


Bonded to VB Dimmest Display 2.1% 
Duty Cycle 
Not Bonded or transistor off 


TYPICAL EXTERNAL COMPONENTS 


Crystal: Bulova WA - 32 - 10- 2A 
Display: Monsanto RV - 31 or Litronix RW - 62 (Alpha-numeric) 
Drivers: Litronix LBC - 1060 
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OPERATING SEQUENCE 


MONTH - DATE - DAY SECTION PUSH OF BUTTON 
BLANK 


BEGINNING SET MODE 


TYPICAL DISPLAY 


FROM EITHER OF ABOVE STATES IF BUTTON NOT PUSHED FOR 2 SECONDS. 


BUTTON PUSHED 5 TIMES (COLON IS FLASHING EVERY 
SECOND IN ALL SET MODES) 


RELEASE OF 5TH BUTTON PUSH. WARNING:IF BUTTON IS PUSHED DURING ANY 
OF THE FOLLOWING SET MODES THE DISPLAYED TIME WILL BE ADVANCED. 


MONTH AND LEAP YEAR SET 


DATE SET 
DAY SET 


HOUR SET 


AUTOMATICALLY FROM ABOVE 6 SECONDS AFTER ANY 
BUTTON RELEASE. 


AUTOMATICALLY FROM ABOVE 6 SECONDS AFTER ANY 
BUTTON RELEASE. 


AUTOMATICALLY FROM ABOVE 6 SECONDS AFTER ANY 
BUTTON RELEASE. 


00;900/00|;00/00 
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AUTOMATICALLY FROM ABOVE 6 SECONDS AFTER ANY 
BUTTON RELEASE. 


MINUTE SET 


BLANK 
IF BUTTON WAS PUSHED DURING MINUTES SET MODE THE FIRST PUSH 


HOURS - MIN. - SEC. OF BUTTON WILLCLEAR AND HOLD SECONDS AT ZERO. 


AUTOMATICALLY FROM ABOVE 6 SECONDS AFTER ANY 
BUTTON RELEASE. 


[| 
Lt | 
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HOURS - MIN. - SEC. RELEASE OF FIRST BUTTON PUSH (SECONDS BEGIN TO COUNT) 


[ 
iil 
i 
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NOTE 1: Months and leap year (1 through 4) are shown during months set mode. In leap year (4) February has 29 days instead of 28. The year advances everytime 
the month rolls from 12 back to 1. 

NOTE 2: 12 hour option shows AM or PM. 24 hour option shows HR instead. e 

NOTE 3: Leading zero’s in hours, date, and month are blanked. fe) 
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Colon on 
Colon Flashing 


CHIP DIMENSIONS 
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TEST 


MCL 
MDO 


rea 

a 

ft 12/24 HR 

| peur str 


MIN 


HOURS 
UTES oon 


DAYS 


BUT 
VBAT 


VBAT a0 1.5V 
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Pr rn rn a cane a A NEC tt a aan, 


| COMMENTS: PACKAGE MUST HAVE NO PIN TO DIE ATTACH PAD. \, 
| BONDING DIAGRAM TO BE USED FOR ENGINEERING PURPOSES ONLY. \ 
{ 


PACKAGE 232,800 


AUP Setd rh 7 ei 


SP eSrancen 


Scale 20:1 

| Basic Die Type 5002-002 Wire Bond 1.25 mil aluminum U.S. 
Die Size X = 153 Y = 154 Die Attach Cavity 230 sq. 

| Process Flow [x] Standard ___ 100,006 Die Attach Preform 60 x 60 min. 


[J Process per 


PIN LIST 
1. VREF 21. Oso 41, 
2. SH 22. OS! 42. 
3, SC 23. BUT 43. 
0 aa 
Su. 4, SJ 24. LT 44. 
~ bs 5. SD 25. SF 45. 
aT SE 52 ees 
a 6. SE 26. SG 46. 
Y as PPA WCEP 
oe) 7. MCL 27. SA | 47. 
= a 8. AL 28 SB 48 
9. MDO | 29. 49. 
10. OP1 30 50. 
11. 12/24 HR 31. 51. 
12. VBAT 32. 52. 
13. VBAT 33. 53. 
14, D1 34. 54. 
15. D2 35. 55. 
16. D3 36. 56. 
17. D5 37. 57. 
18. D6 38. 58. 
19, D4 39. 59. 
20. TEST 40. 60. 
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SY5008 


WATCH 
PRODUCTS 


Frequency Divider 
and Stepper Motor Driver 


Synertek® 


One Button Synchronization 

On Chip Seconds Hand Stepping Motor Driver 
Optional 1/12 Hz Output For Watches Without 
Seconds Hand 

Mask Programmable Output Polarity And Pulse 
Width 


The SY5008 divides a crystal oscillator frequncy of 
32768 Hz to produce a two phase 1 Hz buffered out- 
put that can drive the seconds hand stepping motor 
of an analog watch. A two phase output of 1/12 Hz 
is available for watches without seconds hand and 
output pulse width and polarity can be selected by a 
metal mask option. 


Low power operation is achieved by using a low 


current oscillator circuit and front dynamic dividers. - 


AVAILABLE 5008 OPTIONS 


. Pulse Width (0.5 to 125 msec) 

. Output Polarity at Non-Active State [High (+V), 
Low (-V)] 

. Oscillator Output Adjustment Frequency (1024 
Hz or 512 Hz) 

. Output Frequency (1 Hz or 1/12 Hz) 


VOLTAGE DEFINITION 


VREEF: Reference voltage, most positive voltage 
connected to chip substrate (@V) 


VBAT: Battery voltage 


Vos: Voltage drop across output drivers 


ABSOLUTE MAXIMUM RATINGS 


VBAT +.3 to -2V 
All Inputs +.3 to -2V 
Operating Temperature -20°C to +60°C 
Storage Temperature -55°C to +100°C 


S Synertek® e 


P.O. Box 552 © 


Santa Clara, CA 95052 
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32768 Hz Crystal Frequency 

Low Power Oscillator Circuit And Front Dynamic 
Dividers 

On Chip Oscillator Capacitor And Feedback Resistor 
Single 1.5V Supply Voltage 


The oscillator capacitor and feedback resistor are on 
the chip to reduce external component count. A 
1024 Hz or 512 Hz output (DIV) is provided to faci- 
litate adjusting the external trimmer capacitor. 


A test input is also provided on the chip to permit 
rapid testing of the device. On chip substrate connec- 
tion is provided, which eliminates the need for con- 
ductive die attach epoxy. 


Available for sampling is the 5008 option 02 which 
incorporates the following: 


Pulse Width 35 msec 

Output Polarity High (+V) 

Oscillator Output Adjustment. Frequency 1024 Hz 
Output Frequency 1/12 Hz 


COMMENTS 


Stresses above those listed under ‘‘Absolute Maximum 
Rating’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation 
of the device at these or at any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


e Telephone (408) 984-8900 e 


TWX: 910-338-0135 
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ELECTRICAL CHARACTERISTICS 
TA = 25°C, VBAT = 1.5V unless specified | 


V 


VBAT 

IBAT Outputs Floating 

Ip VBAT = -1.35; Vps = .1V 
IN VBAT = -1.35; Vps = ..1V 
Crown Input VIN = OV 

Test Input VIN = OV 

DIV 


Output Pulse Width 
Oscillator Feedback Resistor 
Internal Oscillator Capacitor 


Metal Mask Programmable 


Biased at 0.65V 


DIVIDE 


STEPPING 
MOTOR 


SY5008 
PAD LOCATION 
(MILS) 


SY5008 67 x 78 


DIVIDER 


RESET 
rs OSC. OUT 
ay 
ell 
- 6)-| 
ae | 
vO 
uy O 
iva 
TIMING 
RESET 


I 

I 1 

idl (i PW rT rT i<T aa 

OUT 1 
q 


eee <T-T7 mM MJ 
OUT 2 


T = 1 sec or 12 sec 

PW = Programmable 0.5ms to 125.0ms 

Reset is inhibited during outputs. 

Output activation sequence will be maintained 
after reset. 


— Synertek® e P.O. Box 552 e Santa Clara, CA 95052 ® Telephone (408) 984-8900 e TWX: 910-338-0135 
6-14 


‘Multi-Function, Six Digit LCD SY5009A 


Watch Circuit With Alarm. 
Three Stopwatch Modes, and Event Counter 


WATCH PRODUCTS 


Synertek® 


BASIC FUNCTIONS 


Six Digit LCD display (2 alphanumerics) 
Low power (one 1.5V battery operation) — Seconds/100 or minutes/100 resolution 

On chip voltage doubler and tripler Event counter 

Hours/minutes/seconds Alarm 

Month/date/day — Hours/minutes - 24 hour alarm 

100 year calendar — 7 minutes snooze control 

— Automatic leap year update — Momentary warning of pending alarm 

12 and/or 24 hour operation — Alarm output for either coil or ceramic resonator 


—Taylor split 


Complete stopwatch functions 
—Time accumulation (start/stop, start/stop .... 
— Standard split 


The SY5009A is a six digit LCD drive chip containing 
the complete circuitry required for time display, 
chronograph/stop watch, event count and alarm func- 
tions. Additional functional flexibility is obtained by 
mask options allowing the customer to define a pro- 


ADDITIONAL FEATURES 


The following items may be programmed by a mask 
option: 


Order and number of set modes 

Crystal frequency 

European date option 

Stopwatch resolution (sec/100 or min/100) 

User selectable or mask preset 12/24 hour operation 
Month/date/day or promotional display 

Alarm frequency (250 Hz, 500 Hz, 1 KHz or 2 KHz) 
Alarm output polarity 


User adjustable frequency correction 
Single step and fast roll in set nodes 


duct most suitable for his unique requirements. The 
circuit is fabricated with Synertek’s high density 
Silicon Gate CMOS process resulting in a reliable 
and cost effective product. 


Positive or negative case 

Additional segment identifiers 

— Stopwatch mode indicator 

— Alarm indicator 

— Month/date/day or promotional indicator 
Leading zero suppression on hours, month and 
date display 

No rollover in set mode 

Debounce protection on all button inputs 


oy) 
= 
oO. 
LL 
iw) 
~ 
Lu 
= 
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Five basic watches may be obtained by using only certain combinations of the four buttons available as follows: 


FEATURES BUTTONS REQUIRED 


Time (T), Set (S) 

Time (T), Set (S), Start/Stop (S/S) 

Time (T), Set (S), Split (C) 

Time (T), Set (S), Split (C), Start/Stop (S/S) 
Time (T), Set (S), Split (C), Start/Stop (S/S) 


Time + Date 

Time + Date + Stopwatch (no split) 

Time + Date + Alarm 

Time + Date + Stopwatch (with split) 

Time + Date + Alarm + Stopwatch (with split) 


Ss Synertek e 


P.O. Box 552 e Santa Clara, CA 95051 e Telephone (408) 984-8900 ° TWX: 910-338-0135 
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SY5009A 


ELECTRICAL AND OPERATING CHARACTERISTICS 


SUPPLY VOLTAGE DEFINITION 
VREF 


VBAT 
VbIS 


VREF: Reference Voltage - positive battery terminal 
VBAT: Negative battery terminal 
Vpis: Negative display operating voltage 


ABSOLUTE MAXIMUM RATINGS* 


+.3 to -5V 
+.3 to -5V 
-55°C to 100°C 


Input and Output Voltages — 
Supply Voltages 
Storage Temperature 


* Exceeding the absolute maximum ratings may cause 
permanent damage to the device. Functional opera- 
tion of the device at these or any other conditions 
not specified in section 3.0 is not implied. Extended 
periods of exposure to absolute maximum ratings 
may affect device reliabity. 


TA = 25°C, VBaT = VREF -1.5V, VpIS = a -3.0V unless otherwise specified. 


VBAT | Battery operating -1. 
voltage 
IBAT | Supply current 


VpIs_ | Display operating 
voltage 

Ipis | Onchip display 
current 

IL, OL | Inputs/outputs 
leakage 

Ic Input pull-up 
current 

Vp Doubler voltage 

VT Tripler voltage 

VA Alarm output 
voltage 

lA Alarm output 
current 


TEST CONDITION 


Oscillator running at 32768 Hz. 
All inputs and outputs floating. 


VpIS = -4.5V 


Inputs activated 


VA=1.0V 


SYSTEM CONNECTIONS 


VOLTAGE TRIPLER AND COIL ALARM 


DISPLAY 


51 SEGMENTS 


VREF 


| | COM 


ALARM 1 CAP 4 0.01, F 
ALARM 2 CAP 3 
CAP 2 0.01, F 


*ea) ok 5 CAP 1 
00 500Hz 


oxekee 500gA 
0 0 Vols 0.01yuF 


exdees § § 

ome VREF 

a 

5455 + 
VBAT 


TEST 1 15pF 


TEST 2 
OSC IN 4-40pF 


VOLTAGE DOUBLER AND CERAMIC 
RESONATOR ALARM 


51 SEGMENTS 
COM 


ALARM 1 CAP 4 0.01.F 
O) CAP 3 
CAP 2 


wi 5 CAP 1 
oO O 500Hz 


wes | 500gA 
0 0 Vols 001.F 
po OE 
> 0 


as + 


TEST 1 15pF 


TEST 2 


6-16 


y 


- 684(26.9) i 


SY5009A 


= e| =| 6 Sasa S s. a a 
= 8) 5/3 e/S/ss)5) =| & =| 8 
s| «Be 8 See) 85) =] & &| = 
4115(162) — =| NN} NA] NN) 8 Pa a P= S 
ae (eam (an ae ace 67 9 eae i al EE ee! 
3812(150.0) = : : : : 
3647(143.6)| | a 2 & E E 
S 6 6 S 3 
3483(137.1) = = = = = 
3318(130.6)| | se Fy : 
3 3S « td 
3153(124.1) ug e 
a — 
2989(117.7)| | = 
j=] 
2874(111.2)| | = 
2659(104.7) 
2495(98.2) 
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=a 6il MICRONS (MILS) 
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FUNCTIONAL DESCRIPTION 


Basic Time Functions 


Continous display of hours, 
minutes, seconds, and colon. 
Alarm indicator will be shown 
only when buzzer is armed (see: 
Alarm Functions). 


Push T button and hold 


For as long as T is held, contin- 
ous display of month, date, 
weekday and month/date/week- 
day identifier. Alarm identifier 
will be shown only when alarm 
is armed. As soon as T is re- 
leased, the display will revert 
to (1). 


-Alarm Functions: 


ae Continous time display 
( ols 


Push T button twice and hold 
Continous display of alarm set 
time in hours and minutes, AM/ 
PM or HR indicator (on digits 
5 and 6), and colon. Alarm in- 
dicator is flashing regardless of 
whether or not the buzzer is 
armed. 

As soon as T is released, the 
display will revert to (3). 


Arming and Disarming the Buzzer 


During the display mode, if the 
alarm indicator is on the alarm 
mechanism (coil or piezoelec- 
tric disk) is armed and alarm 
will sound when preset time is 
reached. 


Push C button once 


SY5009A 


Alarm indicator is turned off 
and buzzer is disarmed. Alarm 
will not go off at the preset 
time. 


Push C button once 


Alarm indicator is on again. 
Buzzer is armed and alarm will 
sound at preset time. Continous 
pushes of button “C” will 
toggle the watch between 
states (6) and (7). 


At the preset time, and with buzzer armed, the alarm 
will sound in the following manner: 


1 second beep - a warning that alarm 
is about to go off 
7 seconds silence - allowing the user 
to turn off the alarm 
before it goes off 
If alarm was not turned off 
during the 7 seconds 


interval 


60 seconds 
1 second on 


1 second off 
1 second on 
1 second off 
1 second on 
1 second off 
1 second on 
1 second off 
1 second on 


For a total of 52 seconds 


At any time after the first beep is heard, the user has 
three courses of action: 


1. Push button Tonce This will activate snooze 
control. The alarm sound 
will stop and the alarm 
sequence will repeat 7 min- 
utes later. This snooze se- | 
quence can be repeated 
every 7 minutes for as ma- 


ny times as desired. 


2. Push button C once Alarm sequence is termin- 
ated and the buzzer is dis- 
armed. 


then 


Buzzer rearmed. Alarm will 
resound 24 hours later. 
The alarm mechanism will 
complete the 60 seconds se- 
quence and will then turn 
itself off. Next alarm se- 
quence will sound 24 hours 
later, or at a newly preset 
alarm time. 


Push button C again 


3. No action 


Ss SY5009A 


STOPWATCH FUNCTIONS 
Basic Stopwatch Mode 
Basic stopwatch (no split) capability is achieved through addition of the start/stop (S/S) button. 


(1) (“IC Normal time of day display — hours/minutes/ 
(i a a i) ( seconds. 
~ 
cg 
S/S Push S/S button once (start) 

(2) UE UT Stopwatch starts counting. Display shows 
iit=} 1c running elapsed time in minutes, seconds and 
Pepa mere seconds/100. Stopwatch indicator is on. 

[srormaten + ( 
» | 
S/S Push S/S button once (stop) 

(3) mere Stopwatch and display are stopped. Display is 
ntot= _t lt showing elapsed time. 
BY 


{ss Push S/S button once (start) 


Stopwatch and display continue to run from 
last stopped time value. Sequence (3) (4) may 
be continued indefinitely. 


i) 
Daal Van * al aml 
a a ae 
t 


ae al 
| aoe 


Push T 
and hold 


(6) 
While in any stopwatch state (5), the user may 
request and obtain the time of day display or 
the month/date/weekday by using the T button 
as described in the flow chart to the left (states 
7) [6], [7], [8]). The stopwatch indicator will 


remain on during this mode. 

S/S Acquiring time of day during stopwatch mode 
will not interfere with the running stopwatch. 
Button S/S will override during stopwatch mode. 
Activating this button will always take the watch 
to the next stopwatch state (9), i.e. stop or re- 
start the stopwatch. Alarm set time can also be 
obtained as described in ALARM FUNCTIONS. 


Push T 
and hold 


os) 
— 
re 
Ww 
TY 
oo 
uu! 
2 
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Release T 


(9) 
IYY!YY 


T and S/S Push T and S/S simultaneously. 


To next state 


(10) = - The stopwatch is reset to zero. Stopwatch indica- 
(tele | ; 
(_ a i =| tor is turned off and display reverts to normal 


time of day display. 
iat I | 


\ ed 
Van Nae 
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_STOPWATCH — STANDARD SPLIT MODE 


(1), Normal time of day display - 
hours/minutes/seconds. 


Hold button “C’’ down and 
push button S/S once. 


C,S/S The stopwatch is now in the 
standard split mode. No count- 
ing started. Stopwatch indicator 
is on and digits 5 and 6 show 
the display indicating standard 
split. 

Push S/S button once (start). 


The stopwatch starts count- 
ing. Display shows running time 
in minutes, seconds and seconds 
/100. 


Push “‘C” button once (capture) 


The display will stop at the cap- 
tured time while the stopwatch 
keeps running. 


Push ‘‘C” button once (capture) 


A new captured time value will 

1" “| - (ZI be displayed. The stopwatch 
f iC 7 ( = keeps running uninterrupted. 
f\ on y 


Any time ‘’C”’ is pushed, a new 
captured time will be displayed. 
This can be repeated indefini- 
tely. 


Push S/S once. 


Stopwatch stops running. Dis- 
play still retains the previous 
captured time (5). 


(6) =| =]. 
Lii= = 


Push C button once (recall). 


The display will show the 
stopped time. Thus, the user 
may record two events which 
are very close together by se- 
quences 6 and 7. 


Push T and S/S button simul- 
taneously. 


Stopwatch is reset to zero. The 
display reverts to the normal 
time of day display. 


While i in this stopwatch mode (anywhere in states 2 
through 7), the time of day can be displayed using the 
T button in the manner shown in the flow chart of 
the basic stopwatch, states 5,6, and 7. This acquisi- 
tion of time will not interfere with the stopwatch 
operation, but will erase the last captured time. 


SY5009A 


STOPWATCH — TAYLOR SPLIT MODE 


Normal time of day display — 
( =: a. _f _t hours/minutes/seconds. 


Hold down button “’C’’and push 
pa I! | button S/S twice. 


The display will indicate (TS on 
digits 5 and 6) that the watch 
is in Taylor Split Mode. Stop- 
watch indicator is on. 


C&S/S ¥ -S/S 


Push button S/S once (start). 


The stopwatch starts counting. 
The display is showing the run- 
ning time in minutes, seconds, 
and seconds/100. 


Push button ‘‘C’’once (capture). 


The display will show captured 
time. The stopwatch is reset to 
zero and counting from zero 
again. 


Push button “‘C”’ once (capture). 


Again captured time isdisplayed 
indicating the time difference 
between this capture and the 
previous capture. Thestopwatch 
again is reset to zero and coun- 
ting up. 


Any time ‘’C” is pushed, a new 
capture time will be displayed 
showing the difference between 
the latest capture and the one 
ms (« m ( = preceding it. 

a Push S/S once (stop). 


| Stopwatch stops running. The 
Uhl display still shows last captured 
time. 


Push C once. 


Se 


The display will show the dif- 


ference between the stopped 
Oe 
= nol nal time and last captured time. 
Push T and S/S simultaneously 
(reset). 


Stopwatch is reset to zero. The 
display reverts to the normal 
time of day. 


As in the other stopwatch modes, the time of day dis- 
play and month/date/weekday display can be obtained 
by using button T without interfering with the stop- 
watch operation. (see description: states 6,7, and 8 - 
basic stopwatch model). Although the last captured 
time will be erased. 
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EVENT COUNT MODE 

ma Normal time of day display— 
( a 2 bt | hours/minutes/seconds. 
(p= Ub 


Hold down button “’C” and 


at 
push button S/S three times. 


,S/S,S/S 


The display will indicate EC 
on digits 5 and 6 for ‘Event 
Count’. Stopwatch indicator 
will be on. 


Push button S/S once. 


SY5009A 


Push S/S any number of times. 


Each subsequent push of S/S 
will increase the count by one 
to a maximum of 5999. 


Push buttons T and S/S simul- 
yt & S/S taneously. 


The event counter is reset to 
zero and the display will re- 
vert to the normal time of day. 


The display will indicate ‘1”' 

count. 

As in the previous stopwatch modes, here too, the time 
of day display may be obtained using button T in the 
manner described in states 6, 7, and 8 of the basic 
stopwatch mode. Doing so will not interfere with the 


Push button S/S once. 


The display will indicate the 


pt It count of 2. event counter. 
FREQUENCY CORRECTION 


During the Frequency correction set mode, the user may choose to speed up or slow down the watch to compen- 
sate for an inaccurate time keeping. The correction range is plus or minus 1 second per day and it is achieved as 
follows: 


Each digit increment in this set mode will speed up the watch by 0.1 seconds per day. Each digit decrement will 
slow down the watch by the same amount. 


Direction of Count 


_—__——_—» 

O- .1- 2- 3- 4- 5- 6- 7- 8- 9- OF 14 2+ 3+ 4+ 5+ 6+ .7+ 8+ 9+ 0- 
Center Each increment equals 
Position 0.1 seconds per day 


Oo 
= | 
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Example 


The user finds out that his watch is fast by 1 second in 5 days (or 0.2 seconds per day). When getting into the set 
mode the display indicates .7+; to slow down the watch by 0.2 seconds he must subtract two (2) increments from 
the display shown or change the setting to .5+. The user holds down button T for the following count and releases 
T when desired display is reached. 


ae ae 9- .O+ 1+ 2+ t+ 4+ OT 


a, T 
Initial Final 
Value (corrected) 

Value 
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SET MODES 


General 


SY5009A 


Entering the set mode is achieved by using the set (S) button (normally recessed). 

The SY5009 has 16 set states (not all being used). Since the order of the set states is programmable, the customer may place 
blank states anywhere in the sequence as well as determine the last set state at which the watch will return to the rest mode, i.e. 
time of day display. Modification of the set information is done by button T in either single step or fast roll manner (2HZ rate 
when T is held down. At any time during the set mode, a push on the “C” button will return the watch to the rest mode (time of day 
display) even if the set sequence was not completed. A typical set sequence is shown in the flow chart below: 


Set State No. 


0 


10 


11 


12 


13 


14 


15 


S| Synertek 


Mode 
Rest 


Set alarm 


hours 


Set alarm 


minutes 


Blank 


Set month 


Set date 


Set weekday 


Set hour 


Set minutes 


Blank 


Blank 


Set frequency 


correction 


Blank 


Blank 


Blank 


Blank 


P.O. Box 552 


Typical Display 


Santa Clara, CA 95051 
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Comments 
Time of day display — Hours/minutes/seconds 


Display shows hours set for alarm (AM, PM or HR). 
Colon and alarm indicator are flashing. 


Display shows minutes set. MI indicator is on. Colon 
and alarm indicator are flashing. 


Flashing colon. 


Digits 1 and 2 display the month. Digit 4 displays the 
year (in a 4 year cycle, leap year is number 4). Colon 
flashing. Rotate months through 12 to change year, 


Display CA in digits 5 and 6 for calendar. Digits 3 and 
4 show the date and colon is flashing. 


Flashing colon. Digits 5 and 6 display. weekday: 
Monday-MO Wednesday-WE Friday-FR Sunday-SU 
Tuesday-TU Thursday-TH Saturday-SA 


Flashing colon. Digits 5 and 6 display AM, PM, or HR 


if the watch is in 24 hour mode. 


Flashing colon. Digits 5 and 6 indicates MI for ‘‘min- 
utes’’. For synchronization to a time standard, set 
minutes to next minute and push “’C” or “’S” button 
at time signal to set seconds to OO. 


Flashing colon. 


Flashing colon. 


Flashing colon. Decimal point is on. Digit 5 willshowa 
number between 0 and 9. Digit 6 will show (+) or (~) signs. 
See instructions on preceeding page for set procedures. 


Flashing colon. 


Flashing colon. 


Flashing colon. 


Flashing colon. 


Telephone (408) 984-8900 ® TWX: 910-338-0135 
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Synertek°® 


Since the inception of the company, Synertek has 
played a very active role in the CUSTOM MOS market- 
place. We have found that by maintaining a leadership 
position in high-technology standard products, we are 
able to offer our custom product customers the most 
competitive design/process solutions available in the 
industry. Our standard products employ the latest in 
design and process techniques in the P-Channel, N- 
Channel and CMOS silicon gate technologies including 
the use of ion implanted, depletion-mode devices and 
on-chip substrate bias generators. These same tech- 
niques allow the design of the most competitive custom 
circuits which in turn gives the desired overall result 
for our customer..... an advantage in his marketplace. 


The use of custom MOS and CMOS circuits has been 
sO pervasive that it is impossible to discuss the full 
range of potential applications. A sampling of 
Synertek’s experience illustrates the extremes: 


@® Two different 16-bit microprocessors: one 
Pprogram’s purpose was to reduce the cost of a 
top line Minicomputer, and the other for use in 
a Distributed Process Control System. 

@ A printer and keyboard controller in a micro- 
processor-based Word Processing System. 

@ All the digital logic for an electric utility two- 
way Load Management System. 

@ The CMOS logic for a Pocket Paging System. 

@ The analog and digital circuitry for a Tire Pres- 
sure Sensing System. 

@ The digital circuitry for a Bell-system approved 
Touch-Tone Receiver and Repertory Dialer. 


This list could go on but the point is that CUSTOM 
MOS is being used in almost every sector of the 
electronics market and the applications are steadily 
advancing into the electromechanical and mechanical 
strongholds as well. If the production volume is suffi- 
cient, the lower cost and higher reliability of a custom 
MOS solution cannot be ignored. 


There are several possible levels of interface between 
Synertek and our Customers in the design of acustom 
product. Some companies prefer that Synertek design 
the entire electronic subsystem so that they are free 
to concentrate on system design. Other companies 
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have in-house MOS design groups and they prefer to 


provide us with working plates and test tapes. We pre- 
fer to work closely with each customer to evolve the 
best interface for a specific program at a specific point 
in time. The best interface point depends on many fac- 
tors including (a) technical difficulty and performance 
requirements of the chip, (b) anticipated production 
volume, (c) availability of customer’s design engineers 
when the program must begin, and so on. Synertek 
has the ability to work at any of the interface levels 
and indeed that is the first topic of discussion on any 
program. The flow chart on the next page shows the 
activities that must be executed promptly and accurat- 
ely for a successful program. The amount of time re- 
quired for each task depends on the complexity of the 
circuit; a realistic range is shown next to each activity. 
Before a program is begun, however, our customer 
knows the exact schedule for his particular circuit. 


A. CONCEPT REVIEW 


The initial step in the development of a custom 
Circuit is a concept review meeting which consists 
of detailed discussions reviewing system require- 
ments. The purpose of this meeting is to assure that 
Synertek’s MOS-LSI Design Engineers fully under- 
stand all pertinent system requirements such as: 


@ Functional Operation. 

@ Subsystem, or chip, interface requirements, 
especially those that may determine which pro- 
cess (P, N, or CMOS), must be used. 

@ Environmental or packaging requirements. 


B. SYSTEM DEFINITION 


The block diagrams/flow charts and electrical speci- 
fications are established in this phase. These are a 
result of contributions by both Synertek and the 
customer. 


C. LOGIC DESIGN 


Conversion of the system functions to MOS logic 
implementation is done entirely by Synertek De- 
sign Engineers. This logic is optimized for the 
particular process and application involved and 
will differ substantially from any prior (e.g. TTL) 
implementation. 
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D. CIRCUIT DESIGN 


During this phase the individual transistors are 
designed to implement the logic, to have the pro- 
per |/O characteristics, and to execute the intended 
function at the proper speed. Particular attention 
is paid to critical speed paths in this phase as well 
as in composite design. 


. COMPOSITE DESIGN 


This is the most time-consuming phase since the 
overall chip size directly affects the cost of the 
final device. The composite is designed, usually at 
1000X, ‘‘by hand” as opposed to using a computer 
aided placement and wiring program. Creative lay- 
out designers are still far superior to computers 
and the smaller chips result in very real production 
savings. Composite design and circuit design over- 
lap somewhat, especially in the area of critical 
speed paths. 


. MASK FABRICATION 


This phase actually consists of three separate criti- 
Cal activities. 


Digitizing - As sections of the circuit become com- 
plete they are digitized on Synertek’s Calmasystem. 
The digitized information is then used to generate 
check plots which then are compared to the orig- 
inal section of the composite to assure no errors. 
This is an iterative procedure which usually requires 
several interactions before the data base tape is 
approved for the entire composite. 


Pattern Generation - All Synertek circuits are, and 
always have been, produced without the use of 
rubilith (rubies). We go directly from digitizing to 
reticle generation, or pattern generation. The reticle 
is usually manufactured at 10X. Photographic 
“plowbacks’’ are then compared, once again, to 
the original composite as one last check to assure 
that the tooling is correct. 

Working Plate Manufacture - The approved reticle 
is then used to step-and-repeat a master plate which 
is ultimately used for generation of the working 
plates. 


_WAFER FABRICATION 


Fabrication of wafers will be performed in one of 
Synertek’s modern manufacturing areas. Exactly 
which area will be used for a particular device is 
determined mainly by the process technology in- 
volved. During the fabrication phase, numerous 


quality and electrical inspections are performed on 
each wafer to assure that each wafer run is within 
the allowable bounds of Synertek’s manufacturing 
process. 


H. TEST AND ASSEMBLY 


Following the fabrication of devices, wafers are 
then tested using computer controlled state-of-the 
art LSI testers. Each of these machines contains its 
own mini-computer and, after being properly pro- 
grammed, is capable of doing both functional and 
parametric tests. Initial prototype devices will then 
be assembled in Santa Clara and subjected to a 
complete final test prior to shipment. 


i. BREADBOARD 


Since many of our custom circuits contain on the 
order of 4,000 gates, a great deal of attention is 
required to assure that these chips work right the 
first time out. The checking required in composite 
design and mask fabrication was touched on above. 
We have found, however, that computer-aided pro- 
grams for checking logic and circuit design are not 
adequate in verifying proper operation of the entire 
chip. 


In parallel with the logic and circuit design, 
Synertek constructs a breadboard which is essen- 
tially a transistor-for-transistor duplicate of the cir- 
cuit being designed. The breadboard is checked out 
by Synertek and then given to the customer for 
approval. The breadboard can be wired into the 
customer's system, for example, and the whole 
system can be checked out for proper performance. 
Perhaps features are added or deleted at this point, 
since the customer’s engineering and marketing 
people get their first ‘hands on’’ exposure to this 
new product. After approval, the breadboard is 
then used by Synertek’s Test Program Development 
group to generate and debug the test program prior 
to the time wafers are available. 


To determine if your application is technically and/or 
economically a realistic candidate for Custom MOS 
implementation, Synertek can perform a preliminary 
analysis in approximately one week. Such items as 


functional specifications, logic diagrams if the equip- 


ment is already in production using standard compo- 
nents, and/or block diagrams improve the accuracy of 
the preliminary analysis. If the analysis is promising, 
Ssynertek will then issue a firm quotation. 
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ORDERING INFORMATION 


SY M C-— 2114 


JU 


Prefix Temperature Range Package Type 4 Digit Device 3 Digit Performance 
No Designator — O°C to 70°C C - Ceramic Code or Processing Designator 
M— -55°C to +125°C P - Molded 
X— Special D - Cerdip 
X - Dice 
F - Flat Pac 
T - TO Can 


For specially programmed devices (ROM’s, 6530 Combo, etc.) Synertek will assign a special custom 
number. This number must be used when ordering these devices. 


EXAMPLE: SYP 2316B, C28000: 2048 x 8 Read Only Memory, plastic 24 pin Dip, O°C to +70°C, 
bit pattern as defined by C28000. 
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1 . 
IDENT. 


Packaging Information 


Plastic Dual In-Line — 8 Leads Ceramic Dual In-Line — 8 Leads 


Plastic Dual In-Line — 16 Leads Ceramic Dual In-Line — 16 Leads 


GENERAL 
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Packaging Information | 


PIN NO. 1 
IDENT. 


Plastic Dual In-Line — 18 Leads Ceramic Dual In-Line — 18 Leads 


Plastic Dual In-Line — 22 Leads Ceramic Dual In-Line — 22 Leads 
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Packaging Information 


(1.260) 
(1.230) 


PIN NO, 1 
IDENT. 
(.220) (.160) 
MAX (.150) 
(.180) | 
(126) (.060) 
a Ky {.020) 
.032 REF ales (.110) 
(.068) {.023) 090) 
(040) (018) 


Plastic Dual In-Line — 24 Leads 


(065) {.023) .032 { 
(.020) (.015) 


Ceramic Dual In-Line — 24 Leads 


al 
<6 

CC 

Zz. 
Oo 
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Packaging Information 


(.550) 
(530) 
PIN NO. 1 
IDENT. 
(.160) 
(.140) 
ls (1,470) 7 (.610) 
(1.440) (.590) 


(015) 
| (008) 
: . (.700) >| 
: (.600) 
(.150 
(,085) (023) .032 REF. (110) ) {.060) 060) 


— ee (125 
ois) iasl 5) (.020) 


Plastic Dual In-Line — 28 Lead 


; ___ (2.070) 
(2.040) 


a2 — 


PIN NO. 1 
IDENT 


PIN NO. 1 (,070) 
(DENT. 


3 (020) 
(.170) (.530) (.120) 120) 
(.140) — 625 ia <— (450) -—>| = 
Cael (0 ij a 
(125) + | h 


(008) me Tone 
: (060) 7 (.023) 
: (020) le tee >| (015) (.065) i (590) =| 
, mE 
(110) (.065) .032 TYP. 


(.040) 25) 


Plastic Dual In-Line — 40 Lead Ceramic Dual In-Line — 40 Lead 
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Packaging Information 


PIN NO. 1 
tOENT, 


Cerdip Dual In-Line — 16 Lead 


PIN NO. 1 
PIN NO. 1 
IDENT. IDENT. bs 


{.030) (140) .032 REF. 
(.090) 
Cerdip Dual In-Line — 18 Lead Cerdip Dual In-Line — 22 Lead 
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GENERAL 


Packaging Information 


1.6951 NSULATOR 
(015) ! 


45° 2° TYP, 


ae 


Metal Can — 8 Leads 
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Notes 
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